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: To: rey Noble ble and Right — 
S ROBERT WALPOLE. 


Take the liberty to ſend you 
this view of Sir IS aac NEW. 
ToNn's philoſophy, which, if 
it were performed ſuitable to the 
dignity of the ſubject, might 
not be a preſent unworthy the 


acceptance of the greateſt perſon. For hisphi- 
loſophy affords us the only true account of the 
A 2 opera- 


DE DICAT I ON. 


operations of nature, which for ſo many ages 
had imployed the curioſity of mankind; thoug gh 
no one before him was furniſhed with the 
ſtrength of mind neceſſary. to go any depth in 
this difficult ſearch. However, I am encouraged 
to hope, that this attempt, imperfect as it is, to 
give our countrymen in general ſome concep- 
tion of the labours of a perſon, who ſhall al- 
ways be the boaſt of this nation, may be re- 
ceived with indulgence by one, under whoſe 
influence theſe kingdoms enjoy ſo much hap- 
pineſs. Indeed my admiration at the ſurprizing 
inventions of this great man, carries me to con- 
ceive of him as a perſon, who not only muſt 
raiſe the glory of the country, which gave him 
birth ; but that he has even done kadour to hu- 
man nature, by having extended the greateſt 
ard moſt noble of our faculties, reaſon, to ſub- 
| jets, which, till he attempted them, appeared 

to be wholly beyond the reach of our limi- 
ted capacities. And what can give us a 
more 


* 
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more pleaſing proſpect of our own condition 
than to ſee ſo exalted a proof of the ſtrength 
of that faculty, whereon the conduct of our 
lives, and our happineſs depends; our paſſions 
and all our motives to action being in ſuch 
manner guided by our opinions, that where 
theſe are juſt, our whole behaviour will be 
praiſe-worthy? But why do I preſume to de- 
tain you, SIR, with ſuch reflections as theſe, 
who muſt have the fulleſt experience within 
your own mind, of the effects of right reaſon? 
For to what other. ſource can be aſcribed that 
amiable frankneſs and unreſerved condeſcenſion 
among your friends, or that maſculine perſpicuity 
and firength of argument, whereby you draw 
the admiration. of the publick, while you are 
engaged in the moſt important of all cauſes, 
the liberties of mankind: ? 


- 
.. 


I humbly crave leave to make the only ac- 
knowledg gement within my power, for the benefits, 
| which 
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which I recei ve in common with the reſt of my 
countrymen from theſe high talents, by ſub- 
ſcribing my ſelf | q 


: SIR, 


Your moſt faithful, 
and 


Moſt humble S ervant, 


HENRY PEMBERTON, 
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1 ACUTE 


Drew up the following papers many years ago at the deſire of 

ſome friends, who, upon my taking care of the late edition of 

Sir Is AAc NEWTONVPrincipia, perſwaded me to make them 
Public. I laid hold of that opportunity, when my thoughts 
were afreſh employed on this ſubjett, to reviſe what I had formerly: 
written. And I now ſend it abroad not without ſome hopes of an- 
ſevering theſe two ends. My fiiſt intention was to convey to ſuch, as are not 
uſed to mathematical reaſoning, ſome idea of the philoſophy of a perſon,. 
who has acquired an univerſal reputation, and rendered our nation 
famous for theſe ſpeculations in the learned world. To whish pur- 
poſe I have avoided uſing terms of art as much as poſſible, and ta- 
ken care to define ſuch as I was obliged to uſe. Though this caution 
was the leſs neceſſary at preſent, ſince many of them are become fa- 


miliar words to our language, from the great number of books wrote 


in it upon philoſophical ſubjetts, and the courſes of experiments, that 
have of late years been given by ſeveral ingenious men. The other 
view I had, was to encourage ſuch young gentlemen as have a turn for 

the mathematical ſciences, to purſue thoſe ſtudies the more chearfully, 


tn order to underſtand in our author himſelf the demonſtrations. of the 


things I here declare. And to facilitate their progreſs herein, Tin- 


tend to proceed ſtill farther in the explauation of Sir Is a a c NEW 


ToN 's philoſophy. For as I have received very much pleaſure from 
peruſing his writings, I hope it is no illaudable ambition to endeavour 


the rendering them more eaſily underſtood, that greater numbers may 


enjoy the ſame ſatisfattion. 


I will perhaps be expected, that J. ſhould ſay ſomething particu- 
lar of a perſon, to whom I muſt akvays acknowledge my ſelf to be much 
obliged. What I haze to declare on this head will be but ſhort ; for 
it was in the very laſt years of Sir Is AA c's life, that I bad the bo- 
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nour of his acquaintance. 2 his PROM on the following occaſions 
Mr. Polenus, a Profeſſor in the Univerſ;, ity of Padua, from a new ex- 
periment of his, thought the common opinion about the force of moving 
bodies was overturned, and the truth of Mr. Libnitz's notion in that 
matter fully prot . The contrary of what Polenus had aſſerted I 
demonſtrated in a paper, which Dr. Mt AD, who takes all opportu- 
nities of obliging his ſriends, was pleaſed ro ſheew Sir IsAAc Nt w- 
rox. This was ſo well approved of by him, that he did me the ho- 
nour to become a ſellow-writer with me, by annexins to what I had 
written, a demonſtration of his own drawn from another confidera- 
tion. When I printed my diſcourſe in the philoſophical tranſactions, I 
put what Sir Is aac had written in a ſcholium by it ſelf, that I 
might not ſeem to uſurp ewhat did not belong to me. Im I concealed 
Dis name, not being then ſufficiently acquainted with him to ank whe- 
ther he war willing I might make uſe of it or not. In a little time 
after he engaged me to take care of the new edition he was about 
making of his Principia. This obliged me to be very frequently with 
him, * as he live, at ſome diſtance from me, a great number of 
letters paſſed between us on this account. When T had the honour of 
his converſation, I endeavoured to learn his thoughts upon mathema- 
ical ſuljects, and ſomer hing hiftorical concerning his inventions, that I 
had not been before acquainted with. T found, he had read ſewer of the 
modern mathematicians, than one could have expect: but bis own 
prodigious invention readily ſupplied him with what he night have an 
occafſron for in the purſuit of any ſubject he undertook. Thave often heard 
him cenſure the handling geometrical ſubjefts by algebraic calculations; 
and his book of Algebra he called by the name of Univerſal Arithmetic, 
in oppoſition to the injudicions title of Geometry, which Des Cartes had 
gioen to the treatiſe, wherein be ſhews, how the geometer may aſſift his 
invention by ſuch kind of computations. He frequently praiſed Sluſius, 
Barrow and Huygens for not being influenced by the falſe taſte, which 
then began ro prevail. He uſed to commend the laudable attempt of Hugo 
de Omerique fo reſtore the ancient analyſis, and very much eftcemed Apol- 
Jonins's Bool De ſectione rationis for giving us a clearer notion of that 
analyſis than we had before. Dr. Bartow may be eſteemed as hav- 


ing 


PR E F ACE. 


ing ſhewn a compaſs of invention equal, if not ſuperior to any of the 
moderns, our author only excepted ; but Sir Is AAC NEwToON has 
ſeveral times particularly recommended to me Huygens's ſtile and 
manner. He thought him the moſt elegant of any mathematical wri- 
ter of modern times, and the moſt juſt imitator of the antients. Of 
their taſte, and form of demonſtration Sir Isaac always profeſſed 
himſelf a great admirer: I have heard him even cenſure himſelf for 
not following them yet more cliſely than he did; and ſpeak with re- 
gret of his miſtake at the beginning of his mathematical ſtudies, in 
applying himſelf to the works of Des Cartes and other algebraic wri- 
ters, before he had conſidered the elements of Euclide with that atten- 
tion, which ſo excellent a writer deſerves. As to the hiſtory of his 
inventions, what relates to his diſcoveries of the methods of ſeries and 
Hluxions, and of his theory of tight and colours, the world has been ſuf- 
ficiently informed of already. The firſt thoughts, which gave riſe 
to his Principia, he had, when he retired from Cambridge in 1666 on 
account of the plague. As he ſat alone in a garden, he fell into a 
ſpeculation on the power of gravity: that as this power is not found 
ſenſibly diminiſhed at the remoteſt diſtance from the center of the earth, 
to which we can riſe, neither at the tops of the liſtięſt buildings, nor 
even on the ſummits of the higheſt mountains ; it appeared to him 
reafenable to conclude, that this power muſt extend much farther than 
was uſually thought ; why not as high as the moon, ſaid he to him- 
ſelf ? and if ſo, her motion muſt be influenced by it; perhaps fhe is re- 
tained in her orbit thereby. However, though the poever of gravity 
is not ſenſibly weakened in the little change of diſtance, at which we 
can place our ſelves from the center of the earth; yet it is very poſſible» 
that ſo high as the moon this power may differ much in ſtrength from 
what it is here. To make an eftimate, what might be the degree if 
this diminution, he conſidered with himſelf, that if the moon be re- 
tained in her crbit by the force of gravity, no doubt the primary pla- 
nets are carried round the ſun by the like peter. Aud by comparing the 
periods of the ſeveral planets with their diſtances from the ſun, he found, 
that if any peer like gracity held them intheir courſes, its ſtrength muſt 
decreaſe in the duplicate proportin of the increaſe of diſtance. This 

| [a] he 
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be concluded by ſuppoſing them to move in perſett circles concentrical 
to the ſun, from which the orbits of the greateſt part of them do 
not much differ. Suppoſing therefore the power of gravity, when 
extended to the moon, to decreaſe in the ſame manner, he computed 
whether that force would be ſufficient to keep the moon in her orbit. 
In this computation, being abſent from books, he took the common eſtimate 
in uſe among geographers and our ſeamen, before Norwood had mea- 
ſured the earth, that 60 Engliſh miles were contained in one degree 
of latitude on the ſurface of the earth. But as this is a very faulty 
ſuppoſition, each degree containing about 69 of our miles, his com- 
putation did not anſwer expettation ; whence he concluded, that ſome 
other cauſe muſt at leaſt join with the action of the power of gravity 
on the moon. On this account he laid afide for that time any farther 
thoughts upon this matter. But ſome years after, a letter which he 
received from Dr. Hook, put him on inquiring what was the real 
figure, in which a body let fall from any high place deſcends, taking 
the motion of the earth round its axis into conſideration. Such a body, 
having the ſame motion, which by the revolution of the earth the 
place has whence it falls, is to be conſidered as projected forward 
and at the ſame time drawn down to the center of the earth. This 
gave. occaſion to his reſuming his former thoughts concerning the 
moon; and Picart in France having lately meaſured the earth, by 
. uſing his meaſures the moon appeared to be kept in her orbit purely | 
by the power of gravity ; and conſequently, that this power decreaſes | 
as you recede from the center of the earth in the manner our author 
had formerly conjectured. Upon this principle he found the line de- 
ſcribed by a falling body to be an ellipſis, the center of the earth be- 
ing one focus. And the primary planets moving in ſuch orbits round 
the ſun, he had the ſatisfattion to ſee, that this inquiry, which he 
had undertaken merely out of curioſity, could be applied to the 
greateſt purpoſes. Hereupon he compoſed near a dozen propoſitions 
relating to the motion of the primary planets about the ſun. Several ; 
years after this, ſome diſcourſe he had with Dr. Halley, who at 4 

Cambridge made him a viſit, engaged Sir IS AAC NEw TON 70 
reſume again the conſideration of this ſubjeft ; and gave occaſion 

10 
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to his writing the treatiſe which he publiſhed under the title of ma- 
thematical principles of natural philoſophy. This treatiſe, full of 
ſuch a variety of profound inventions, was compoſed by him from 
ſcarce any other materials than the ſew propoſitions before mentioned, 
#n the ſpace of one year and an half. 


Though his memory was much decayed, I found he perſectiy un- 
derftood his own writings, contrary to what I had frequently heard 
#n diſcourſe from many perſons. This opinion of theirs might ariſe 
perhaps from his not being always ready at ſpeaking on theſe ſub- 
jets, when it might be expetied he ſhould. But as to this, it may be 
obſerved, that great genius are frequently liable to be abſent, not only 
in relation to common life, but with regard to ſome of the parts of ſtience 
they are the beſt informed of. Tuventors ſeem to treaſure up in their 
minds, what they have found out, after another manner than thoſe da 
the ſame things, wwho have not this inventive faculty. The former, 
when they have occaſion to produce their knowledge, are in ſome mea- 
ſure obliged immediately to inveſtigate part of what they want. For 
this they are not equally fit at all times: ſo it has often happened, 
that ſuch as retain things chiefly by means of a very ſtrong memory, 
have appeared of hand more expert than the diſcorerers themſeles. 


As to the moral endowments of his mind, they were as much to be 
admired as his other talents. But this is a field IT leave others to 
exſpatiate in. IT only touch upon what I experienced my ſelf during the 
few years I was happy in his friendſhip. But this I immediately 
diſcovered in him, which at once both furprized and charmed me: 
Neither his extreme great age, nor his univerſal reputation had 
rendred him ſti in opinion, or in any degree elated. Of this 
T had occaſion to have almoſt daily experience. The Remarks I 
continually ſent him by letters on his Principia were received with 
/ the utmoſt goodneſs. Theſe were ſo far ſrom being any ways diſplea- 

fing to him, that on the contrary it occaſioned him to 72 many kind 
things of me to my friends, and to honour me with a publick teſti mony 
of his good opinion. He alſo approved of the following treatiſe, 'a 
great part of which we read together. As many alterations were 

. made 
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made in the late edition of his Princi pi a, ſo there would hace been 
many more if there had been a ſufficient time. But whatever of this 
kind may be thought wanting, I ſhall endeavonr to ſupply in my com- 
ment on that book. I had reaſon to believe he expetted ſuch a thing 
from me, and I intended to have publiſhed it in his life time, after I 
had printed the following eue and a mathematical treatiſe Sir 
IS AAC NtEw ToN had written a long while ago, containing the 
firft principles of fluxions, for I had prevailed on him to let that piece 
go abroad. I had examined all the calculations, and prepared part 
of the figures; but as the latter part of the treatiſe had never been 
finiſhed, he was about letting me have other papers, in order to 
ſupply what was wanting. But his death put a ſtop to that de- 
 fign. As to my comment on the Principia, I intend there to de- 
monſtrate whatever Sir ISA ac NEw ToN has ſet down without 
expreſs proof, and to explain all ſuch expreſſions in his book, as I ſhall 
judge neceſſary. . This comment 1 ſhall forthwith put to the preſs, 
joined to an engliſh tran/lation of his Principia, which T hace 
had ſome time by me. A more particular account of my whole de- 


ſign has already been publiſhed in the new memoirs of literature for 
the month of march 1727. 


I have preſented my readers with a copy of verſes on Sir ISAac 
NEWTON, which T have juſt received from a young Gentleman, 
e hom I am proud to reckon among the number of my deareſt friends- 
If I had any apprehenſion That this piece of poetry ſtood in need of 


an apology, I. ſhould be defirous the reader might know, that the 


author is but ſixteen years old, and was obliged to finiſh his com poſi- 
tion in a very ſhort ſpace 'of time. But I ſhall only take the liberty 


to olſeree, that the boldneſs of the digreſſions will be beſt judged of 
Ly thoſe who are acquainted with PIN DAR. 
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Sir ISAAC NEWTON, 


O NEwrToON's genius, and immortal fame 
Th' adyent'rous muſe with trembling pinion ſoars. 
Thou, heav'nly truth, from thy ſeraphick throne 
Look fayourable down, do thou aſſiſt 

My lab'ring thought, do thou inſpire my ſong. 

NEwrTON, who firſt th' almighty's works diſplay'd, 

And ſmooth'd that mirror, in whoſe poliſh'd face 

The great creator now conſpicuous ſhines 3 / = 

Who open'd nature's adamantine gates, 

And to our minds her ſecret powers expos'd ; 

NEwTON demands the muſe; his ſacred hand 

Shall guide her infant ſteps ; his ſacred hand 

Shall raiſe her to the Heliconian height, 

Where, on its lofty top inthron'd, her head 

Shall mingle with the Stars. Hail nature, hail, 

O Goddeſs, handmaid of th' ethereal power, 

Now lift thy head, and to th' admiring world 

Shew thy long hidden beauty. Thee the wile 


Of ancient fame, immortal PLA T o'ꝰs ſelf, 


The Stagyrite, and Sy racuſian ſage, 


From 


anon 
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From black obſcurity” 8 abyſs to raiſe, 
2M Drooping and mourning o'er thy wondrous works) 
With vain inquiry ſought. Like meteors theſe 
In their dark age bright ſons of wiſdom ſhone : 
But at thy NEw TON all their laurels fade, 
They ſhrink from all the honours of their names. 
So glimm'ring ftars contract their feeble rays, 
When the ſwift luſtre of AuRoR A's face 
Flows o'er the skies, and wraps the heay'ns in light. 


THE Deity's omnipotence, the cauſe, 
'Th' original of things long lay unknown. 
Alone the beauties prominent to ſight 
(Of the celeſtial power the outward form) 
Drew praiſe and wonder from the gazing world. 
As when the deluge overſpread the earth, 
Whilſt yet the mountains only rear'd their heads 
Aboye the ſurface of the wild expanſe, 
Whelm'd deep below the great foundations lay, 
Till ſome kind angel at heay'n's high command 
Roul'd back the riſing tides, and haughty floods, 
And to the ocean thunder'd out his yoice : 
Quick all the ſwelling and imperious waves, 
The foaming billows and obſcuring ſurge, 
Back to their channels and their ancient ſeats 
Recoll affrighted : from the darkſome main 
Earth raiſes ſmiling, as new-born, her head, - 
And with freſh charms her loyely face arrays. 
So his extenſive thought accompliſh'd firſt 
The mighty task to drive th obſtructing miſts 
Of ignorance away, beneath whoſe gloom 
Th inſhrouded majeſty of Nature lay. 
He drew the veil and ſwell'd the ſpreading ſcene. 
How had the moon around th ethereal void 


5 
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Rang'd, and eluded lab'ring mortals care, 
Till his inyention trac'd her ſecret ſteps, 
While ſhe inconſtant with unſteady rein 
Through endleſs mazes and meanders guides 
In its unequal courſe her changing carr : 
Whether behind the ſun's ſuperior light 

She hides the beauties of her radiant face, 
Or, when conſpicuous, ſmiles upon mankind, 
Unveiling all her night-rejoicing charms. 


When thus the filyer-trefſed moon diſpels 


The frowning horrors from the brow of night, 
And with her ſplendors chears the ſullen gloom, 
While fable-mantled darkneſs with his yeil 

The viſage of the fair horizon ſhades, 


And over nature ſpreads his raven wings; 


Let me upon ſome unfrequented green 
While fleep ſits heavy on the drowſy world, 
Seek out ſome ſolitary peaceful cell, 


Where darkſome woods around their gloomy brows 


Bow low, and ev'ry hill's protended ſhade 
Obſcures the dusky vale, there filent dwell, 
Where contemplation holds its ſtill abode, 

There trace the wide and pathleſs void of heav'n, 
And count the ſtars that ſparkle on its robe. 

Or elſe in fancy's wild'ring mazes loſt 

Upon the verdure ſee the fairy. elves 


Dance o'er their magick circles, or behold, 


In thought enraptur'd with the ancient bards, 
Medea's baleful incantations draw 

Down from her orb the paly queen of night, 
But chiefly NEWro let me ſoar with thee, 
And while ſurveying all yon ſtarry vault 


With admiration I attentive gaze, 
Thou ſhalt deſcend from thy celeſtial ſeat, 
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And waft aloft my high-aſpiring mind, 
Shalt ſhew me there how nature has ordain'd 
Her fundamental laws, ſhalt lead my thought 
Through all the wand'rings of th' uncertain moon, 
And teach me all her operating powers. 
She and the ſun with influence conjoint 
Wield the huge axle of the whirling earth, 
And from their juſt direction turn the poles, 
Slow urging on the progreſs of the years. 
The conſtellations ſeem to leave their ſeats, 
And o'er the skies with ſolemn pace to move. 
You, ſplendid rulers of the day and night, 
The ſeas obey, at your reſiſtleſs ſway 
Now they contract their waters, and expoſe 
The dreary deſart of old ocean's reign. 
The craggy rocks their horrid ſides diſcloſe ; 
Trembling the ſailor views the dreadful ſcene, 
And cautiouſly the threat'ning ruin ſhuns. 
But where the ſhallow waters hide the ſands, 
There ravenous deſtruction lurks conceal'd, 
There the ill-guided veſſel falls a prey, 
And all her numbers gorge his greedy jaws. 
But quick returning ſee th' impetuous tides 
Back to th' abandon'd ſhores impell the main. 
Again the foaming ſeas extend their waves, 
Again the rouling floods embrace the ſhoars, 
And veil the horrours of the empty deep. 
Thus the obſequious ſeas your power confeſs, 
While from the ſurface healthful vapours riſe 
Plenteous throughout the atmoſphere difſus'd, 
Or to ſupply the mountain's heads with ſprings, 
Or fill the hanging clouds with needful rains, 
That friendly ſtreams, and kind refreſhing ſhow'rs 
May gently laye the ſun-burnt thirſty plains, 
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Or to kit all the empty air 

With wholſome moiſture to increaſe the fruits 
Of earth, and bleſs the labours of mankind. 
O NEwrToN, whether flies thy mighty ſoul, 


How ſhall the feeble muſe purſue through all 


The vaſt extent of thy unbounded thought, 

That even ſeeks th' unſeen receſſes dark 

To penetrate of providence immenſe. 

And thou the great diſpenſer of the world 

Propitious, who with inſpiration taught'ſt 

Our greateſt bard to ſend thy praiſes forth; 

Thou, who gav'ſt NEwToN thought; who ſmil'dſt ſerene, 

When to its bounds he'ſtretch'd his ſwelling foul ; 
o ſtill benignant ever bleſt his toil, 

And deign'd to his enlight'ned mind t' appear 

Confeſs d around th' interminated world: 

To me O thy divine infuſion grant 

(O thou in all ſo infinitely good) 

That I may ſing thy everlaſting works, 

Thy inexhauſted ſtore of providence, 

In thought effulgent and reſounding verſe. 

O could I ſpread the wond'rous theme around, 

Where the wind cools the oriental world, 

To the calm breezes of the Zephir's breath, 

To where the frozen hyperborean blaſts, 

To where the boiſt'rous tempeſt-leading ſouth 

From their deep hollow cayes ſend forth their ſtorms. 

Thou ftill indulgent parent of mankind, 

Left humid emanations ſhould no more 


Flow from the ocean, but diſſolve away 


Through the long ſeries of revolving time; 
And leſt the vital principle decay, 

By which the air fupplies the ſprings of life; 
Thou haſt the fiery viſag'd comets form'd 
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With vivifying ſpirits all replete, 
Which they abundant breathe about the void, 
Renewing the prolifick ſoul of things. 
No longer now on thee amaz d we call, 
No longer tremble at imagin'd ills, 
When comets blaze tremendous from on high, 
Or when extending wide their flaming trains 
With hideous graſp the skies engirdle round, 
And ſpread the terrors of their burning locks. 
For theſe through orbits in the length'ning ſpace 
Of many tedious rouling years compleat 
Around the fun move regularly on; 
And with the planets in harmonious orbs, 
And myſtick periods their obeyſance pay | 
To him majeſtick ruler of the skies ; 
Upon his throne, of circled glory fixt. | 
He or ſome god conſpicuous to the yiew, 1 
Or elſe the ſubſtitute of nature ſeems, | 
Guiding the courſes of reyolying worlds. | 
He taught great NEwToON the all-potent laws 
Of gravitation, by whoſe ſimple power RB 
The univerſe exiſts. Nor here the ſage | 1 
Big with invention ſtill renewing ſtaid. 
But O bright angel of the lamp of day, 
How ſhall the muſe diſplay his greateſt toil? 
Let her plunge deep in Aganippe's waves, 
Or in Caſtalia's eyer-flowing ſtream, [2 
That re- inſpired ſhe may ſing to thee, | x 
How NEWTON dar'd adyent'rous to unbraid 
The yellow treſſes of thy ſhining hair. 
Or didſt thou gracious leave thy radiant ſphere, 
And to his hand thy lucid ſplendours give, 


T' unweaye the light-diffuſing wreath, and part 
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The blended glories of thy golden plumes? 

He with laborious, and unerring care, 

How diff rent and imbodied colours form 

Thy piercing light, with juſt diſtinction found. 
He with quick ſight purſu'd thy darting rays, 
When penetrating to th' obſcure receſs 

Of ſolid matter, there perſpicuous ſaw, 

How in the texture of each body lay 

The power that ſeparates the diff rent beams. \ 
Hence over nature's unadorned face 

Thy bright diverſifying rays dilate 

Their yarious hues : and hence when yernal rains 
Deſcending {ſwift have burſt the low'ring clouds, 
Thy ſplendors through the diſſipating miſts 

In its fair yeſture of unnumber'd hues 

Array the ſhow'ry bow. At thy approach 

The morning riſen from her pearly couch 

With roſy bluſhes decks her virgin cheek ; 

The ey'ning on the frontiſpiece of heay'n 


His mantle ſpreads with many colours gay; 


The mid-day skies in radiant azure clad, 
The ſhining clouds, and ſilver vapours rob'd 
In white tranſparent intermixt with gold, 
With bright variety of ſplendor cloath 

All the illuminated face aboye. 

When hoary-headed winter back retires 

To the chill'd pole, there ſolitary fits 
Encompaſs'd round with winds and tempeſts bleak 
In caverns of impenetrable ice, 

And from behind the diſſipated gloom 

Like a new Venus from the parting ſurge 
The gay-apparell'd ſpring advances on; 
When thou in thy meridian brightneſs ſitt'ſt, 


And from thy throne pure emanations flow 
Lb 2] Of 
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Of glory burſting o'er the radiant skies: 

Then let the muſe Olympus top aſcend, 

And o'er Theſſalia's plain extend her view, 
And count, O Tempe, all thy beauties o'er, 
Mountains, whoſe ſummits graſp the pendant clouds, 
Between their wood-invelop'd ſlopes embrace 
The green-attired vallies. Every flow'r 
Here in the pride of bounteous nature clad 
Smiles on the boſom of th' enamell'd meads. 
Over the ſmiling lawn the ſilver floods 

Of fair Peneus gently roul along, 

While the reflected colours from the flow'rs, 
And verdant borders pierce the lympid waves, 


And paint with all their variegated hue 


The yellow ſands beneath. Smooth gliding on 
The waters haſten to the neighbouring ſea. 

Still the pleas'd eye the floating plain purſues; 

At length, in Neptune's wide dominion loſt, 
Surveys the ſhining billows, that ariſe 

Apparell'd each in Phœbus' bright attire: 

Or from a far ſome tall majeſtick ſhip, 

Or the long hoſtile lines of threat'ning fleets, 
Which o'er the bright une ven mirror ſweep, | 

In dazling gold and waving purple deckt; 

Such as of old, when haughty Athens power. 
Their hideous front, and terrible array 

Againſt Pallene's coaſt extended wide, 

And with tremendous war and battel ſtern. 

'The trembling walls of Potidza ſhook. 
Creſted with pendants curling with the breeze 
'The upright maſts high briſtle in the air, 

Aloft exalting proud their gilded heads. 5 
The ſilver waves againſt the painted prows 

Raiſe their reſplendent boſoms, aud impearl 
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Tube fair vermillion with their gliſt ring drops: 


And from on board the iron-cloathed hoſt 
Around the main a gleaming horrour caſts ;. 
Each flaming buckler like the mid-day ſun, 


Each plumed helmet like the ſilver moon, 


Each moving gauntlet like the light'ning's blaze, 
And like a ſtar each brazen pointed ſpear. 

But lo the ſacred high-ere&ed fanes, 

Fair citadels, and marble-crowned. towers; 

And ſumptuous palaces of ſtately towns 
Magnificent ariſe, upon their heads 

Bearing on high a wreath of filyer light. 

But ſee my muſe the high Pierian hill, 

Behold its ſhaggy locks and airy top, 

Up to the skies th' imperious mountain heaves 
The ſhining yerdure of the nodding, woods. 
See where the ſilver Hippocrene flows, 


' Behold each glitt'ring rivulet, and rill 


Through mazes wander. down the green deſcent, 
And ſparkle through the interwoyen trees. 

Here reſt a while and humble homage pay, 
Here, where the ſacred genius, that inſpir'd 
Sublime Mx ONIDES and PINDAR's breaſt, 

His habitation once was fam'd to hold. 

Here thou, O HOMER, offer'dſt up thy vows ; . 
Thee, the kind muſe CAL LIO EA heard, 

And led thee to the empyrean ſeats, 

There manifeſted to thy hallow'd eyes 
The deeds of gods; thee wiſe MINERyA taught 
The wondrous art of knowing human kind; 
Harmonious PHOE BUS tun'd thy heav'nly mind, 
And ſwell'd to rapture each exalted ſenſe; 

Even MARS the dreadful battle-ruling god, 

MARS taught thee war, and with his bloody hand 


Inſtructed 
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Inſtructed thine, when in thy ſounding lines 
We hear the rattling of Bellona's carr, 

The yell of diſcord, and the din of arms. 

PIN DAR, when mounted on his fiery ſteed, 
Soars to the ſun, oppoſing eagle like, 

His eyes undazled to the fierceſt rays. 

He firmly ſeated, not like GTA uc us ſon, 
Strides his faiſt-winged and hre-breathing horſe, 
And born aloft ſtrikes with his ringing hoofs 
The brazen vault of heay'n, ſuperior there 
Looks down upon the ſtars, whoſe radiant light 
Illuminates innumerable worlds, 

That through eternal orbits roul beneath. 

But thou all hail immortalized fon 

Of harmony, all hail thou Thracian bard, 

To whom AvroLLo gave his tuneful lyre. 

O might'ſt thou, ORYHEUS, now again reviye, 


And NEWrON ſhould inform thy liſt' ning ear 5 


How the ſoſt notes, and ſoul-inchanting ſtrains 
Of thy own lyre were on the wind convey'd. > 

He taught the muſe, how ſound progreſſive floats 
pon the waving particles of air, 
When harmony in ever-pleaſing ftrains, 

Melodious melting at each lulling fall, | 
With ſoft alluring penetration ſteals | ; 
Through the enraptur'd ear to inmoſt thought, 

And folds the ſenſes in its filken bands. 
So the ſweet muſick, which from OxPpHtvus' touch 

And fam'd AMPH1oN's, on the founding ftring 

Aroſe harmonious, gliding on the air, 

Pierc d the tough-bark'd and knotty-ribbed woods, 

Into their ſaps ſoft infpiration breath'd 
And taught attention to the ſtubborn oak. 

Thus when great HENRy, and braye MARLB'ROVUGH led 
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1 imbattled numbers of BRITANNIA's ſons, 

he trump, that ſwells th' expanded cheek of fame, 

'That adds new yigour to the gen'rous youth, 

And rouzes fluggiſh cowardize it ſelf, 

The trumpet with its Mars-inciting voice, 

The winds(broad {| impetuous ſweeping o'er 

Fill'd the big note of war. Th' inſpired hoft 

With new-born ardor preſs the trembling Gavr ; 

Nor greater throngs had reach'd eternal night, 

Not if the fields of Agencourt had yawn'd 

Expoſing horrible the gulf of fate; 

Or roaring Danube ſpread his arms abroad, 

And overwhelm'd their legions with his floods. : 
But let the wand'ring mule at length return ; 
Nor yet, angelick genius of the fun, 

In worthy lays her high-attempting ſong 
Has blazon'd forth thy venerated name. 
Then let her {weep the loud-reſounding lyre 
Again, again o'er each melodious ſtring 
Teach harmony to tremble with thy praiſe. 
And ftill thine ear O fayourable grant, 

And ſhe ſhall tell thee, that whateyer charms, 
Whatever beauties bloom on nature's face, 
Proceed from thy all- influencing light. 

That when ariſing with tempeſtuous rage, 
The North impetuous rides upon the clouds 
Diſperſing round the heav'ns obſtructiye gloom, 
And with his dreaded prohibition ſtays 

The kind effuſion of thy genial beams; 
Pale are the rubies on AUR oR A's lips, 

No more the roles bluſh upon her cheeks, 
Black are Peneus' ſtreams and golden ſands 
In Tempe's vale dull melancholy fits, 

And every flower reclines its languid head. 
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By what high name ſhall I invoke thee, ſay, 
Thou life-intuſing deity, on thee 
I call, and look propitious from on high, 
While now to thee I offer up my prayer. 

O had great NEwToON, as he found the cauſe, 

By which ſound rouls thro' th' undulating air, 

O had he, baffling times reſiſtleſs power, | 

-Dilcoyer'd what that ſubtle ſpirit is, 

Or whatſoe er diffuſive elſe is ſpread 

Over the wide-extended univerſe, 

Which cauſes bodies to reflect the light, 

And from their ſtraight direction to divert 
The rapid beams, that through their ſurface pierce. 
But ſince embrac'd by th' icy arms of age, 

And his quick thought by times cold hand congeal'd, 
Ev'n NEwToON left unknown this hidden power; 
Thou from the race of human kind fele& 

Some other worthy of an angel's care, 

With inſpiration animate his breaſt, 

And him inftru& in theſe thy ſecret laws. 

O let not NEwToON, to whole ſpacious view, 
Now unobſtructed, all th extenſive ſcenes _ 

Of the ethereal ruler's works ariſe ; = 
When he beholds this earth he late adorn'd, | = 
Let him not ſee philoſophy in tears, 3 
Like a fond mother ſolitary ſit, 3 
Lamenting him her dear, and only child. 

But as the wiſe PYTHAGORAS, and he, 
Whoſe birth with pride the fam'd Abdera boaſts, 

With expectation having long ſurvey d | — 
This ſpot their antient ſeat, with joy beheld — 1 
Divine philoſophy at length appear ä 
In all her charms majeſtically fair, 
Conducted by immortal NEW TON s hand: 
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So may he ſee another ſage ariſe, 

That ſhall maintain her empire: then no more 
Imperious ignorance with haughty ſway 

Shall ſtalk ra pacious o'er the ravag'd globe 
Then thou, ON EWTON, ſhalt protect theſe lines, 
The humble tribute of the grateful muſe; 
Ne'er ſhall the ſacrilegious hand deſpoil 

Her laurel'd temples, whom his name preſerves : 
And were ſhe equal to the mighty theme, 
Futurity ſhould wonder at her ſong; 

Time ſhould receive her with extended arms, 
Seat her conſpicuous in his rouling carr, 


And bear her down to his extreameſt bound. 


FABLES with wonder tell how Terra's ſons 
With iron force unloos'd the ſtubborn nerves 
Of hills, and on the cloud-inſhrouded top 
Of Pelion Offa pil'd.. But if the vaſt 
Gigantick deeds of ſavage ſtrength demand 


Aſtoniſnhment from men, what then ſhalt thou, 


O what expreſſive rapture of the ſoul, 
When thou before us, NE w TON, doſt diſplay 
The labours of thy great excelling mind ; 
When thou unveileſt all the wondrous-ſcene, 
The vaſt idea of th' eternal king, 
Not dreadful hearing in his angry arm 

The thunder hanging o'er our trembling heads ; 
But with th' effulgency of love replete, 

And clad with power, which form'd th' extenſive heavens. 
O happy he, whoſe enterprizing hand 

Unbars the eolden and relucid gates 

Of th' empyrean dome, where thou enthron'd 
Philoſophy art ſeated. Thou ſuſtain d 

By the firm hand of eyerlaſting truth 


[ Deſpiſeſt 
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Deſpiſeſt all the injuries of time: 

Thou never know'ſt decay when all around, 
Antiquity obſcures her head. Behold 

Th' Egyptian towers, the Babylonian walls, 
And Thebes with all her hundred gates of braſs, 
Behold them ſcatter'd like the duſt abroad. 
Whatever now is flouriſhing and proud, 
Whatever ſhall, muſt know deyouring age. 
Euphrates' fiream, and ſeyen-mouthed Nile, 
And Danube, thou that from Germania's foil 

To the black Euxine's far remoted ſhore, 

O'er the wide bounds of mighty nations ſweep ſt 
In thunder loud thy rapid floods along. 

Ev'n you ſhall feel inexorable time; 

To you the fatal day ſhall come; no more 
Your torrents then ſhall ſhake the trembling ground, 
No longer then to inundations ſwol'n 

'Th' imperious waves the fertile paſtures drench, 
But ſhrunk within a narrow channel glide ; 

Or through the year's reiterated courſe 

When time himſelf grows old, your wond'rous ſtreams 
Loſt ey'n to memory ſhall lie unknown 

Beneath obſcurity, and Chaos whelm'd. 

But ftill thou ſun illuminateſt all 

The azure regions round, thou guideſt ſtill 

The orbits of the planetary {ſpheres ; 

The moon ſtill wanders o'er her changing courſe, 
And ſtill, O NEwToON, ſhall thy name vive: 
As long as nature's hand directs the world, 

When ev'ry dark obſtruction ſhall retire, 


And ev'ry ſecret yield its hidden ſtore, 


Which thee dim- ſighted age forbad to ſee 
Age that alone could ſtay thy rifing ſoul. 
And could mankind among the fixed ftars, 
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| Fen to th' extremeſt bounds of knowledge reach, 


To thoſe unknown innumerable ſuns, 

Whole light but glimmers from thoſe diſtant worlds, 
Ev'n to thoſe utmoſt boundaries, thoſe bars 
That ſhut the entrance of th' illumin'd ſpace 
Where angels only tread the vaſt unknown, 
Thou ever ſhould'ſt be ſeen immortal there: 

In each new ſphere, each new-appearing fun, 
In fartheſt regions at the very verge 

Of the wide univerſe ſhould'ſt thou be ſeen. 
And lo, th' all-potent goddeſs Na TURE takes 
With her own hand thy great, thy juſt reward 
Of immortality ; aloft in air 

See ſhe diſplays, and with eternal graſp 
Uprears the trophies of great NEwTON's fame. 
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William Lowndes, E/q; 

Charles Lowndes, E/q; 

Mr Cornelius Lloyd 

Robery Lucas, Eſq; 

Coll. Richard Lucas 

Sir Bartlet Lucy 

Edward Luckin, Eq; 

Mr John Ludbey 

Mr Luders,. Merchant 

Lambert Ludlow, Eq; 

William Ludlow, EI; 

Peter Ludlow, Eq; 

; =_ Lupton, Eſq; 

Nicholas Luke, Eis 


- 


Lyonel Lyde, E/q; 
Dr. George Lynch 
Mr Joſhua Lyons 


M. 
His Grace the Duke of Montague 


His Grace the Duke of Montroſle 


His Grace the Duke of Manche- 


ſter 
The Rt. Hon, Lord Viſcount Moleſ- 
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Henry Mainwaring, of Over- 
Peover in Cheſhire, Eqq; 

Mc Robert Mainwaring, of 
London, Merchant 

Capt. John Maitland 

Mr: Cecil Malchey 

Sydenham Mallhuſt, Ei; 

Richard Malone, E/q; 

Mr Thomas Malyn 

Mr John Mann 

Mr William Man 

Dr. Manaton | 

Mr 5 — Mande 

Dr. Bernard Mandeville 

Mr James Mandy 

Rev. Mr Bellingham Manleveror, 
M. A. Rector of Mahera 

Iſaac Manley, Ejq; 

Thomas Manley, of the Inner- 
Temple, Es; 

Mr John Manley 

Mr William Manley 

Mr Benjamin Manning 

2 Manſel, Efq;. 

Henry March, Eſq; 

Mr John Marke 

Sir George Markham 


Mr William Markes - 


Mr James Markwick : 
Hon. Thomas Marley, E,; ane 


of his Majeſty's 
ral . Ireland * 
Rev. * ley 


citors gene- 


Mr Benjamin wot, F the 
Exchequer 
Samuel Marſh 


Robert Marſhall, Ei Recorder 
of Clonmel 
Rev. Mr Henry Marſhall 


Rev. Nathaniel Marſhall, D. D. 


Canon -of Windſor 
Matthew Martin, Eſq; 
Thomas Martin, Eſq; 
Mr Jobn Martin 
Mr ſames Martin 
Mr ſoſiah Martin 


Coll. Samuel Martin, of Antigua 


ohn Maſon, Eſq; 
r John Maſon, Greenwich 
Mr Charles Maſon, M. 4. Fell. 
of Trin. Coll. Cambridge 
Mr Cornelius Maſon 


Dy. Richard Middleton Maſſey 


Mr Maſterman 

Robert Mather, of the Middle- 
Temple, Eq; | 

Mr William Mathews 

Rev. Mr Mathew 

Mr John Matthews 


Mrs Heſter Lumbroſo de Mattos 
Rev. Dr. Peter Maturin, Dean 


F Killala 
William Maubry, E/q; 
Mr Gamaliel Maud 
Rev. Mr Peter Maurice, Tyea - 


ſurer of the Ch. of Bangor 
Henry Maxwell, Eq; 


John Maxwell, jun. of Pollock, 
E 


Rev. hs Robert Maxwell, of 
Fellow's Hall, Ireland 

Mr May 

Mr Thomas Mayleigh 

Thomas Maylin, jun. Eq; 

Hon. Charles Maynard, Eſq; 

Thomas Maynard, Eſq; 

Dr. Richard Mayo 

Mr Samuel Mayo 

Samuel Mead, Eſq; 

Richard Mead, M. D 

Rev. Mr Meadowcourt 

Rev. Mr Richard Meadowcourt, 
Fellow of Merton Coll, Oxon 

Mr Mearſon 112 
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Mr George Medcalfe 

Mr David Medley, 3 Books 

Charles Medlycott, Eq; 

Sir Robert Menzies, of Weem, 
Bars. 

Mr Thomas Mercer, Merchant 

ohn Merrill, E/q; 

r Francis Merrit 

Dr. Mertins 

Mr John Henry Mertins 

Library of Merton College . 

Mr William Meſſe, Apothecary 

Mr Metcalf 

Mr Thomas Metcalf, of Trinity 
Coll. Cambridge 

Mr Abraham Meure, of Leather- 
head in Surrey 

Mr John Mac Farlane 

Dy. John Michel 

Dy. Robert Michel, of Blandford 

Mr Robert Michell 

Nathaniel Micklethwait, E/q; 

Mr Jonathan Micklethwait, 
Merchant. 

Mr John Midford, Merchant 

Mr Midgley 

Rev. Mr Miller, 2 Books 


Rev. Mr Milling, of the Hague 
Rev, Mr Benjamin Mills 


Rev. Mr Henry Mills, Rector of 
Meaſtham, Head-Mafter of 
Croyden-School 

Thomas Milner, E/q; 

Charles Milner, M. D. 

Mr William Mingay 


. Tohn Miſaubin, M. D. 


rs Frances Mitchel 
David Mitchell, E; 
Mr John Mitton 
Mr Abraham de Moivre 
ohn Monchton, E/q; 
John Monk, Apothecary 
J. Monro, M. D. 


Sir William Monſon, Bart. 


Edward Montagu, E/q; 

Colonel John Montagu 

Rev. John Montague, Dean of 
Durham, D. D. 

Mr Francis Moor 

Mr Jarvis Moore 


Mr Richard Moore, of Hull, 3 


Books - 
Mr William Moore | 
Sir Charles Mordaunt, of Walton 
in Warwickſhire a 
Mr Mordant, Gentleman Com- 
moner of New College, Oxon 
Charles Morgan, E/q; 


Francis Morgan, E/q; e 

Morgan Morgan, E/q; 

Rev, Mr William Morland, Fell. 
of Trin. Coll. Cambr. 2 Books 

Thomas Morgan, M. D. 

Mr John 3 of Briſtol 
Mr Benjamin Morgan, High- 
Maſter of St. Paul's-School 
Hon. Coll. Val. Morris, of Antigua 

Mr Gael Morris 

Mr John Morſe, of Briſtol 
Hon. Ducey Morton, Eſq; 
Mr Motte 

Mr William Mount 

Coll, Moyſer 

Dy. Edward Mullins 

Mr Joſeph Murden 

Mr Muſtapha 

Robert Myddleton, Eſq; 


Robert Myhil, E/A; 


N 


His Grace the Duke of Newcaſtle 

Rr. Rev. Ld. Biſhop of Norwich 

Stephen Napleton, M. D. 

Mr Robert Naſh, M. A. Fellow 
of Wadham College, Oxon 

Mr Theophilus Firmin Naſh 

Dy. David Natto 

Mr Anthony Neal 

Mr Henry Neal, of Briſtol 

Hampſon Nedham, Eſq; Gentle- 


man Commoner of Chriſt Church 


Oxon 

Rev Dr. Newcome, Senior- Fel- 
low of St. John's College, Cam- 
bridge, 6 Books 

Rev. Mr Richard Newcome 

Mr Henry Newcome 

Mr Newland 


Rev. Mr John Newey, Dean of 


Chicheſter 
Mr Benjamin Newington, AI. A. 
John Newington, M. B. of 
Greenwich m Kent 
Mr Samuel Newman 
Mrs Anne Newnham 
Mr Nathaniel Newnham, ſen. 
Mr Nathaniel Newnhbam, jun. 
Mr Thomas Newnham 
Mrs Catherine Newnham 
Sir Iſaac Newton, 12 Books 
Sir Michael Newton 
Mr Newton 
William Nicholas, E/q; 
John Nicholas, Eq; 
John Niccol, Eq; 
e 


Right Hon, Lady Paiſley 


General Nicholſon 

Mr Samuel Nicholſon 

Johm Nicholſon, M. A. Rector 
of Donaghmore 

Mr Jofias Nicholſon, 3 Books 

Mr James Nimmo, Merchant of 
Edinburgh 

David Nixon, Eſq; 

Mr George Noble 

Stephen Noquiez, Eſq; 

Mr Thomas Norman, Bookſeller 
at Lewes 

Mr Anthony Norris 


Mr Henry Norris 


Rev. Mr Edward Norton 
Richard Nutley, E/q; 
Mr John Nutt, Merchant 


O 


Right Hon. Lord 
Rev. Mr john Oakes 
Mr Willian Ockenden 
Mr Elias Ockenden 
Mr Oddice 
Crew Offley, Eſq; 
—— Offley. E/q; on 
iliam Ogbourne, E/q; 
Sir William Ogbourne 
ames Oglethorp. Eſq; 
r William Okey 
you O'dfeld, M. D. 
athaniel Oldham, Eſq; 
William Oliver, M. D. of Bath 


John Olmins, Eq; 


Arthur Onſlow, E/q; 
Paul Orchard, E/q; 
Robert Ord, E/q; 

John Orlebar, Eſq; 

Rev. Mr George Osborne 
Rev. Mr John Henry Ott 
Mr James Ottey 


Mr Jan. Oudam, Merchant a: 


Rotterdam 
Mr Overall 
ohn Overbury, Eg. 
r Charles Overing 
= Themes 2 
arles Owdſley, E/a; 
Mr — — * 
Mr Thomas Oyles 


P. 
Right Hon. Counteſi of Pembroke, 


10 Books 
Right Hon. Lord Paiſley 


* 


The 


SUBSCRIBERS NAMES. 


The Right Hon. Lord Parker 

Chriſtopher Pack, M. D. 

Mr Samuel Parker, Merchant at 
Briſtol 

Mr Thomas Page, Surgeon at 
Briſtol 

Sir Gregory Page, Bar. 

William Palgrave, M. D. Fellow 
7 Caius Coll. Cambridge 

William Palliſter, E/q; 

Thomas Palmer, Eſq; 

Samuel Palmer, Eq; 

Henry Palmer, Merchant 

Mr John Palmer, of Coventry 

Mr Samuel Palmer, Surgeon 

William Parker, Eſq; 

Edmund Parker, Gent. 

Rev. Mr Henry Parker, M. A. 

Mr John Parker 

Mr Samuel Parkes, of Fort St. 
George in Eaſt-India 

| Mr Daniel Parminter 

Mr Parolet, Attorney 


Rev. Thomas Parn, Fellow of 


Trin. Colt. Cambr. 2 Books 
Rev. Mr Thomas Parne, Fellow 
of Trin. Coll. Cambridge 
Rev. Mr Henry Parratt, M. 4. 


Rector of Holywell in Hunting- 


tonſhire 
Thomas Parratt, M. D. 
Stannier Parrot, on 
Right Hon, Benjamin Parry, Eſq; 
Mr Parry, of Jeſus Coll. Oxon 
B. D. 


Robert Paul, of Gray's: Inn, E/q; 
Mr 3 Paul, Surgeon | 
Mr Paulin 
Robert Paunceforte, Eſq; 
Edward Pawlet, of Hinten St. 
George, Eſq; 
Mr Henry Pawſon, of York, 
Merchant 
Mr Payne 
Mr Samuel Peach 
Mr Marmaduke Peacock, Mer- 
chant in Rotterdam 
Flavell Peake, Eſq; 
Capt, Edward Pearce 
Rev. Zachary Pearce, D. D. 
James Pearſe, Eſq; 
Thomas Pearſon, E/q; 
ohn Peers, E/q; 
r Samuel Pegg, of Sr. John's 
College; Cambridge 
Mr Peirce, Swrgeon as Bath 
Mr Adam Peirce 


Harry Pelham, E/q; 


James Pelham, Eq; 

Jeremy Pemberton, of the Inner- 
Temple, Eſq; 

Library of Pembroke-Hall, Camb. 

Mr Thomas Penn 

Philip Pendock, Eſq; 

Edward Pennant, Eſq; 

Capt. Philip Pennington 

Mr Thomas Penny 

Mr Henry Penton 

Mr Francis Penwarne, at Liskead 
in Cornwall | 

Rev. Mr Thomas Penwarne 

Mr John Percevall 


Rev. Mr Edward Perceyall 


Mr Joſeph Percevall 

Rev. Dr. Perkins, Prebend, of Ely 

Mr Farewell Perry 

Mr James Petit 

Mr John Petit, of Aldgate 

Mr fobn Petit, of Nicholas- Lane 

Mr John Petitt, of Thames- 
Scroet 

Honourable Coll. Pettit, of Eltham 
m Kent 

Mr Henry Peyton, of St. John's 
College, Cambridge 

Daniel Phillips, A. D. 

John Phillips, E; 

Thomas Phillips, E/; 

Mr Gravet Phillips 

William Phillips, of Swanzey, 
Eſqz 

Mr , Phillips 

* Phillipſon, Eq; 
illiam Phipps, L. L. D. 

Mr Thomas Phipps, of Trinity 
College, Cambridge 

The Phyſiological Library in the 
College of Edinburgh 

Mr Pichard 

Mr William Pickard 

Mr John Pickering 

Robert Pigott, of Cheſterton, Eqq; 

Mr Richard, Pike 

Henry Pinficld, of Hampſtead, Eſq; 

Charles Pinfold, L. L. D. 

Rev. Mr. Pit, ef Exeter College, 
Oxon 

Mr Andrew Pitt 

Mr Francis Place 

Thomas Player, Ei; 

Rev, Mr Plimly 

Mr William Plomer 

William Plummer, E/q; 

Mr Richard Plumpton 


John Plumptre, Eq; 

Fitz-Williams Plumptre, M. D. 

Henry Plumptre, M. D. 

ohn Pollen, Eſq; 

r Joſhua Pocock 

Francis Pole, of Park-Hall, E/q; 

Mr Iſaac Polock 

Mr Benjamin Pomfret 

Mr Thomas Pool, Apothecary 

Alexander Pope, Eſq; 

Mr Arthur Pond 

Mr Thomas Port 

Mr John Porter 

Mr Joſeph Porter 

Mr Thomas Potter, of St. 
John's College, Oxon 

Mr John Powel 

ä Powis, Eſq; 

Mr Daniel Powle 

John Prat, Eq; 

Mr James Pratt 

Mr foro Pratt 

Mr Samuel Pratt 

Mr Preſton, City-Remembrancer 

Capt. John Price 

Rev. Mr Samuel Price - 

Mr Nathaniel Primat 

Dy. John Pringle 

Thomas Prior, Eſq; 

Mr Henry Proctor, Apothecary 

Sir John Pryſe, of Newton Hall / 
in Montgomery ſnire 

Mr Thomas Purcas 

Mr Robert Purſe 

Mr John Putland 

George Pye, M. D. 

Samuel Pye, M. D. 

Mr Samuel Pye, Swrgeon at 
Briſtol 

Mr Edmund Pyle, of Lynn 

Mr John Pyne, Engraver 


Q. 


His Grace the Duke of Queen- 
borough 

Rev. Mr. "ny M. 4. of 
Exeter College, Oxon 

Jeremiah Quare, Merchant 


R 
His Grace the Duke of Richmond 


The Re. Rev. Ld Biſhop of Raphoe 


The Re. Hon. Lord John Ruſſel 
Rev. Mr Walter Rainftorp, of 
Briſtol 
Ms 
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SUBSCRIBERS NAMES. 


Mr John Ranby, Surgeon 


Rev. Mr Rand 

Mr Richard Randal! 

Rev. Mr Herbert Randolph, M. A. 

Moſes 1 E: 

Matthew Roper, E/q3 

Mr William Raſtrick, of Lynne 

Mr Ratcliffe, M. 4. of Pem- 
broke College. Oxon 

Rev. Mr John Ratcliffe 

Anthony Ravell, E. 

Mr Richard Rawlins 

Mr Robert Rawlinſon 4. B. 
of Trinity College, Cambr. 

Mr Walter Ray 

Coll. ugh Raymond 

Re. Hon. Sir Robert Raymond, 
Lord Chief Fuſtice of the King's- 
Bench 

Mr Alexander Raymond 

Samuel Read, Eg; 

Rev. Mr James Read » 


Mr John Read, Merchant 


Mr William Read, Merchant 

Mr Samuel Read 

Mrs Mary Reade 

Mr Thomas Reddall 

Mr Andrew Reid 

Felix Renolds, Eq; 

John Renton, of Chriſt-Church, 
E/q; 

Leonard Reresby, Eſq; 

Thomas Reve, Eſq; 


Mx Gabriel Reve 


Willi em Reeves, Merch. of Briſtol 

Mr Richard Rey nell, Apothecary 

Mr Jobn Reynolds 

Mr Richard Ricards 

John Rich, of Briſtol, Eq; 

Francis Richards, M, B. 

Rev. Mr Eſcourt Richards, 
Prebend. of Wells 


Rev. Mr Richards, Redtor of 


Llanvyllin, in Montgomery- 
ſhire 

William Richardſon, of Smally 
in Derbyſhire, E/q; 

Mr Richard Richardſon 

Mr Thomas Richardſon, Apo- 
thecar | 

Edward Richier, E/q; 

Dudley Rider, E/q; 

Richard Rigby, M. D. 

Edward Riggs, F/4; 

Thomas Ripley, E/q3 Comptrot- 
ler of his Majeſty's Works 

Sir Thomas Roberts, Bart. 

Richard Roberts, E/q; 

Cape. John Roberts 


Thomas Robinſon, Eg 

Matthew Robinſon, E/q; 

Tancred Robinſon, M. D. 

Nicholas Robinſon, M. D. 

Chriſtopher Robinſon, of Shef- 
field, A. M. 

Mr Henry Robinſon 

Mr William Robinſon 

Mrs Elizabeth Robinſon 

ohn Rochfort, Eſq; 

Ir Rodrigues 

Mr Rocke 

Sir John Rodes, Bart. 

Mr Francis Rogers 

Rev. Mr Sam. Rogers, of Briſtol 

John Rogerſon, Eſq; his Majeſly's 
General of Ireland 

Edmund Rolfe, Eſq; 

Henry Roll, Eſq; Gent. Comm. 
of New College, Oxon 

Rev. Mr Samuel Rolleſton, Fell. 
of Merton College, Oxon 

Lancelot Rolleſton, of Wattnal, 
E/qs 

Philip Ronayne, Eſq; 

Rev. Mr de la Roque 

Mr Benjamin Roſewell, jun. 

Joſeph Rothery, M. A. Arch- 
Deacon of Derry 

Guy Rouffignac, M. D. 

Mr James Round 


Mr William Roundell, of Chriſt 


Church, Oxon 
Mr Rouſe, Merchant 
Cuthbert Routh, E.; 
ohn Rowe, Eſq; 
r 2 Rowe 
Dr. Rowel, F Amſterdam 
_ Rudge, Eſq; 
r James Ruck 
Kev. Dr. Rundle, Prebendary of 
Durham | 
Mr John Ruſt 
ohn Ruſtatt, Gent. 
r Zachias Ruth 
Willam Rutty, M. D. Seere- 
tary of the Royal Society 
Maltis Kyall, Ei; 
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His Grace the Duke of St. Albans 
Ke. Hon. Earl of Sunderland 
Rr. Hon. Earl of Scarborough 
Rr. Rev. Ld Bp. of Sal'sbury 
Rr. Rev. Lord Biſhop of St. Aſaph 
Rr. Hon, I homas Lord Southwell 
Rr. Hon. Lord Sidney 

Rr. Hon, Lord Shaftsbury 


The Rt. Hen. Lord Shelburn 
His Excellency Bron Sollenthal, 
Emme extraordinary from the 
King ef Denmark 
Mrs Margarita Sabine 
Mr Edward Sadler, 2 Books 
T homas Sadler, of the Pell-Office, 
Eſq; 
Rev. Mr Joſeph Sager, Canon of 
the Church of Salisbury 
Mr Wiliiam Salkeld 
Mr Robert Salter 
Lady Vanaker Sambrooke 
1 Sambrooke, E 15 
ohn Sampſon, 55 
Dr. Samuda 
Mr John Samwaies 
Alexander Sanderland, M. D. 
Samuel Sanders, Eſq; 
Wil.izm Sanders, Eq 
Rev. Mr Daniel Sanxey 
ohn Sargent, F/q; 
r Saunderſun ; 
Mr Cbarlis Savage, jun. 
Mr John Savage 
Mrs Mary Savage 
Rev, Mr Samuel Savage 
Mr William Savage 
acob Sawbridge, Eſq; 
ohn Sawbridge, E/a; 
r William Sawrey 
Humphrey Sayer, Eſq; 
Exton Sayer, L. L. D. Chancel- 
les of Durham 
Rev. Mr George Sayer, Preber- - 
dary of Durham 
Mr Thomas Sayer 
Herm. Oſterdy k Schacht, M. D. 
& M. Theor, & Prat. in Acad. 
Lug. Bat. Prof. 
Meyer Schamberg, M. D. 
Mrs Schepers, of Rotterdam - 
Dr. Scheutcher 


Mr Thomas Scholes 
Mr Edwaid Score, of Exeter, 


Bookſeller 

Thomas Scot, of Eſſex, Eq; 
Daniel Scott, L. L. D. 
Rev. Mr Scotr, Fellow of Win- 

ton College 
Mr Richard Scrafton, Surgeon 
Mr Flight Scurry, Surgeon 
Rev. Mr Thomas Secker 
Rev Mr Sedgwick 
Mr Selwin 
Mr Peter Serjeant 
Mr John Serocol, Merchant 
Rev. Mr Seward, of Hereford 

| Mr 


Henry 


SUBSCRIBERS NAMES. 


Mr Joſeph Sewel 
Mr K 5 


homas Sewell 
Mr Lancelot Shadwell 


Mr Arthur Shallet 


Mr Edmund Shallet, Conſul at 
Barcelona 

. Mr Archdeacon Sharp 

James Sharp, jun. Surgeon 

Rev. Mr Thomas Sharp, Arch- 
Deacon of Northumberland 

Mr John Shaw, jun. 

Mr ]oſeph Shaw 

Mr Sheafe 


Mr Edw. Sheldon, of Winſtonly 


Mr Shell 

Mr Richard Shephard 

Mr Shepherd of Trinity Coll. 
.Oxon 

Mrs Mary Shepherd 

Mr William Sheppard 


Rev. Mr William Sherlock, 


M. 4. 
William Sherrard, L. L. D. 
John Sherwin,” E/q; 
Mr Thomas Sherwood 
Mr Thomas Shewell 
Mr John Shipton, Surgeon 
Mr John Shipton, ſen. 
Mr John Shipton, jun. 
Francis Shipwith, Eſq; Fellow 
Comm. of Trinity Coll. Camb. 


Jobu Shiſh, f Greenwich in 


Kent, E/q; 

Mr Abraham Shreighly 

John Shore, E.; 

Kev. Mr Shove | 

Bartholomew Shower, Eq; 

Mr Thomas Sibley, jun. 

Mr Jacob Silver, Bookſeller m 
Sandwich ; 

Robert Simpſon, Eſq; Beadle and 
Fellow of Caius Coll. Cambr. 


Mr Robert Simpſon Profeſſor of 


the Mathematicks in the Uni- 
verſity of Glaſcow 
Singleton, Eſq; Prime Ser- 

of Ireland 

Rev. Mr John Singleton 

Rev. Mr Rowland Singleton 
Mr Singleton, Swrgeon 

Mr Jonathan Siſſon 

Francis Sitwell, of Reniſhaw, EV: 
Ralph Skerret, D. D. 

T bomas Skinner, Eq; 

Mr John Skinner 


Mr Samuel Skinner, jun. 


Mr John Skrimpſhaw 
-Frederic Slare, M. D. 


Mr 


Adam Slater, of Cheſterfield, 
Surgeon 

Sir Hans Sloane, Bar. 

William Sloane, E/q; 

William Sloper, Zn; 

William Sloper, Eq; Fellow Com- 
moner of Trin. Gol. Cambr. 
Dr. Sloper, Chancellor of the Dio- 

ceſe of Briſtol 
Mr Smart 


Mr John Smibart 


Robert Smith, L. L. D. Profeſſor 
of Aſtronomy in the Univerſi- 
ty of Cambridge, 22 Books 

Robert Smith, of Briſtol, E; 

William Smith, of he Middle- 

— — Eſq; 

ames Smith, Eſq; 

| hy Smith, E/q; 

Rev. Mr Smith, f Stone in the 
Comunty of Bucks 

r John Smith 
ohn Smith, Surgeon in Co- 

ventry, 2 Books 


Mr John Smith, Surgeon in Chi- 


cheſter 

Mr Allyn Smith 

Mr Toſhua Smith 

Mr [oſeph Smith 

Rev. Mr Eliſha Smith, of Tid 
St. Gyles's, in the Iſle of Ely 

Mr Ward Smith 

Mr Skinner Smith 

Rev. Mr George Smyth 


Mr Snablin 


Dy. Snell, of Norwich 


Mr Samuel Snell 


Mr William Snell 
William Snelling, E.; 
William Sneyd, E/q; 
Mr Ralph Snow 
Mr Thomas Snow k 
Stephen Soame, Eſq; Fellow Com- 
moner of Sidney Coll. Cambr. 
Cockin ole, Eſq, 
oſeph Somers, Eſq; 
r Edwin Sommers, Merchant 
Mr Adam Soresby 
T homas Southby, E/q; 
Sontley South, E; 
Mr Sparrow | 
Mr Speke,of Wadham Coll. Ox. 
Rev Mr Joſeph Spence 
Mr Abrabam 1 
Sir Conrad Joachim Springel 
Mr William Stammers 
Mr Charles Stanhope 


Mr Thomas Stanhope 

Sir John Stanley 

George Stanley, Eſq; 

Rev. Dr. Stanley, Dean of St. 
Aſaph 

Mr John Stanly 

Eaton Stannard, E/q; 

Thomas Stanſal, E/; 

Mr Samuel Stanton 

Temple Stanyan, Efq; 

Mrs Mary Stany forth | 

Rev. Mr Thomas Starges, Refor 
of Hadſtock, Eſſex 

Mr Benjamin Steel 

Mr John _—_ of St. John's 
College, Cambridge 

Mr John Martis Stehelin, Merch. 

Dr. Steigerthal 

Mr Stephens, of Glouceſter 

Mr. Joſeph Stephens 

Sir James Steuart of Gutters, Bay. 

Mr Robert Steuart, Profeſſor of 
Natural Philoſophy, m the 
Univerſity of Edinburgh 

Rev. Mr Stevens, Fellow of Corp. 
Chr, Coll. Cambridge 

Mr John Stevens, of Trinity 

College, Oxon 

Rev, Mr Bennet Stevenſon 

Hon, Richard Stewart, Eſq; 

Major James Stewart 

Capt. Bartholomew Stibbs 

Mr Denham Stiles 

Mr Thomas Stiles, /en. 

Mr Thomas Stiles, jun. 

Rev, Mr Stillingfleet 

Mr Edward Stillingfleet 

Mr John Stillingfleet 

Me William Stith ' 

wed. Stock, of Rochdall iz Lanca- 

ire 

Mr Stocton, Watch-Maker 

Mr Robert Stogdon 

Rev. Mr Richard Stonehew¾yer 

Thomas Stoner, E.; 

Mr George Story, of Trinity 
College, Cambridge 

Mr Thomas Story 

William Strahan, L. L. D. 

Mr Thomas Stratfield 

Rev. Dr. Stratford, Canon 
Chriſt Church, Oxford 

Capt. William Stratton 

Rev. Mr Streat 

Samuel Strode, Eſq; 

Mr George Strode 

Rev, Mr John Strong 
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Hom, Commodore Stuart 
Alexander Stuart, M. D. 
Charles Stuart, M. D. 

Lewis Stucly 

Mr John Sturges, of Bloomsbury 
Mr Sturgeon, Surgeon in Bury 
Hon, Lady Suaſſo 

Mr Gerrard Suffield 

Mr William Sumner, of Windſor 
Sir Robert Sutton, Xr. of the Bath 
Rev. Mr John Sutton 

Mr Gerrard Swartz 

Mr Thomas Swayne 

William Swinburn, E/q; 

Rev. Mr. John Swinton, M. A. 
Mr Joſhua Symmonds, Surgeon 
Rev. Mr Edward Synge 


T. 


His Grace the Archbiſhop of Tuam 

Right Hon. Earl of Tankerville 

Rr. Hon, Ld. Viſcount Townſhend, 
One of His Majeſly's Principal 
Secretaries of State 

Right Honourable Lady Viſcounteſs 
Townſhend 

Right Hon. Ld. Viſcount Tyrconnel 

The Honourable Lord Trever 

Charles Talbot, Eſq; Solicitor- 
General 

Francis Talbot, E/q; 

ohn Ivory Talbot, E; 

r George Talbot, M. A. 

Mr Talbot 

Thomas Tanner, D. D. Chan- 
cellor of Norwich 

Mr Thomas Tanner 

Mr Tateham, of Clapham 

Mr Henry Tatham 

Mr John Tatnall 

Mr Arthur Tayldeur 

Mr Jobn Tayleur 

Arthur Taylor, E a; 

Joſeph Taylor, Eſq; 

Simon Taylor, Eſq; 

Rev. Mr Abraham Taylor 

Brook Taylor, L. L. D., 

William Tempeſt, Eſq; 

William Teniſon, Eſq; 

Dr. Teniſon 5 

Rev. Dr. Terry, Canon of Chriſt 
Church, Oxon 

Mr Theed, Atrorn 

Mr Lewis Theobald 


3 Theobalds, Eſq; 


obert Thiſtlethwayte, D. D. 
Warden of Wadham Coll. Oxon 


SUBSCRIBERS NAMES. 


Rev. Mr Thomlinſon 

Richard Thompſon Coley, E/q; 

Rev. Mr William Thompſon 

Mr William Thompſon, A. B. 
of Trinity Coll. Cambridge 

Mr Thoncas ' 

Mr Thornbury, Vicar of Thame 

Sir James Thornhill, 3 Books 

Mr Thornhill 

William Thornton, E: 

Mr Catlyn Thorowgood 

Mr John Thorpe 

William Thorſeby, Eſq; 

Mr William Thurlbourn, Book- 

WP ro in Cambridge 
ark Thurſton, E/q; Maſter in 
Chancery 
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INTRODUCTION. 


— 
* 


HE manner, in which Sir Isaac NRW TON 
has publiſhed his philoſophical diſcove- 
ries, occaſions them to lie very much 
concealed from all, who have not made 
the mathematics particularly their ſtu- 
dy. He once, indeed, intended to de- 
liver, in a more familiar way, that part 


of his inventions, which relates to the ſyſtem of the world; 
but upon farther conſideration he altered his deſign. For as 


the nature of thoſe diſcoveries made it impoſſible to prove 


them upon any other than geometrical principles; he appre- 
hended, that thoſe, who ſhould not fully perceive the force 
of his arguments, would hardly be prevailed on to exchange 
their former ſentiments for new opinions, ſo very different from 


B | what 


2 INTRODUCTION. 


what were commonly received *, He therefore choſe rather 
to explain himſelf only to mathematical readers; and declined 
the attempting to inſtruct ſuch in any of his principles, who, 
by not comprehending his method of reaſoning, could not, at 
the firſt appearance of his diſcoveries, haye been perſuaded of 
their truth. But now, ſince Sir IS AAC NEW TO Ns doctrine 
has been fully eſtabliſhed by the unanimous approbation of all, 
who are qualified to underſtand the ſame; it is without doubt 
do be wiſhed, that the whole of his improvements in philoſo- 
phy might be univerſally known. For this purpoſe therefore 
Idrew up the following papers, to givea general notion of our 
great philoſopher” s inventions to ſuch, as are not prepared to 
read his own works, and yet might deſire to be informed of 
the progreſs, he has made in natural knowledge; not doubting 
but there were many, beſides thoſe, whoſe turn of mind had 
led them into a courſe of mathematical ftudies, that would take 
great pleaſure in taſting of this delightful fountain of ſcience. 


2. Ir is a juſt remark, which has been made upon the hu- 
man mind, that nothing is more ſuitable to it, than the con- 
templation of truth; and that all men are moved with a ſtrong 
deſire after knowledge; eſteeming it honourable to excel 
therein; and holding it, on the contrary, diſgraceful to mi- 
ſtake, err, or be in any way deceived. And this ſentiment 
is by nothing more fully illuſtrated, than by the inclination 
of men to gain an acquaintance with the operations of na- 
ture; which diſpoſition to enquire after the cauſes of things is 


a Philoſoph. Nat. princ. math. L. iii. introduct. 
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ſo general, that all men of letters, I believe, find themſelves 
influenced by it. Nor is it difficult to aſſign a reaſon for this, 
if we conſider only, that our deſire after knowledge is an ef- 
fed of that taſte for the ſublime and the beautiful in things, 
which chiefly conſtitutes the difference between the human 
life, and the life of brutes. Theſe inferior animals partake 
with us of the pleaſures, that immediately flow from the bo- 
dily ſenſes and appetites; but our minds are furniſhed with a 
ſuperior ſenſe, by which we are capable of receiving various 
degrees of delight, where the creatures below us perceive no 
difference. Hence ariſes that purſuit of grace and elegance in 
our thoughts and actions, and in all things belonging to us, 
which principally creates imployment for the active mind of 
man. The thoughts of the human mind are too extenſive 
to be confined only to the providing and enjoying of what is 
neceſſary for the ſupport of our being. It is this taſte, which 
has given riſe to poetry, oratory, and every branch of litera- 
ture and ſcience. From hence we feel great pleafure in con- 
ceiving ſtrongly, and in apprehending clearly, even where 
the paſſions are not concerned. Perſpicuous reaſoning ap- 
pears not only beautiful; but, when ſet forth in its full 
ſtrength and dignity, it partakes of the ſublime, and not 
only pleaſes, but warms and elevates the ſoul. This is the 
ſource of our ſtrong deſire of knowledge; and the ſame. 
taſte for the ſublime and the beautiful directs us to chuſe 
particularly the productions of nature for the ſubje& of our 
contemplation : our creator having ſo adapted our minds to 


the condition, wherein he has placed us, that all his viſible 
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works, before we inquire into their make, ſtrike us with 
the moſt lively ideas of beauty and magnificence. 


3. Bur if there be ſo ſtrong a paſhon in contemplative 
minds for natural philoſophy; all ſuch muſt certainly receive a 
particular pleaſure i in being informed of Sir Isaac NewrToN's 
diſcoveries, who alone has been able to make any great 
advancements in the true courſe leading to natural know- 
ledge : whereas this important ſubje& had before been u- 
| fually attempted with that negligence, as cannot be re- 
flected on without furprize. Excepting a very few, who, by 
purſuing a more rational method, had gained a little true 
knowledge in ſome particular parts of nature; the writers in 
this ſcience had generally treated of it after ſuch a manner, as 
if they thought, that no degree of certainty was ever to be ho- 
ped for. The cuſtom was to frame conjectures; and if upon. 
comparing them with things, there appeared ſome kind of a- 
greement, though very imperfect, it was held ſufficient. Yet 
at the ſame time nothing leſs was undertaken than intire ſy-- 
ſtems, and fathoming at once the greateſt depths of nature ; 
as if the ſecret cauſes of natural effects, contrived-and framed: 
by infinite wiſdom, could be ſearched out by the lighteſt 
endeavours of our weak underſtandings. Whereas the. only 
method, that can afford us any proſpect of ſucceſs in this 
difficult work, is to make our enquiries with the utmoſt 
caution, and by very {low degrees. And after our moſt dili- 
gent labour, the greateſt part of nature will, no doubt, for e- 
ver remain beyond our reach. 


4. Tars | 
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4. THis neglect of the proper means to enlarge our 
knowledge, joined with the prefumption to attempt, what 
was quite out of the power of our limited facultics, the Lord 
Ba cox judiciouſly obſerves to be the great obſtruction to the 
progreſs of ſcience*. Indeed that excellent perfor was the firſt, 
who expreſly writ againſt this way of philoſophizing ; and he 
has laid open at large the abſurdity of it in his admirable treatiſe, 
intitled NovuM ORGANON SCIENTIARUM; and has there 


likewiſe deſcribed the true method, which ought to be followed. 


5. THERE are, faith he, but two methods, that can be 
taken in the purſuit of natural knowledge. One is to make 
a haſty tranſition from our firft and ſlight obſervations on 
things to general axioms, and then to proceed upon thoſe 
axioms, as certain and unconteſtable principles, without far- 
ther examination. The other method; (which he obſerves 
to be the only true one, but to his time unattempted ;) is to 
proceed cautiouſly, to advance ſtep by ſtep, reſerving the 
moſt general principles for the laſt reſult of our inquiries ®. 
Concerning the firſt of theſe two methods; where objections, 
which happen to appear againſt any ſuch axioms taken up in. 
| haſte, are evaded by ſome frivolous diſtinction, when the ax- 
iom it ſelf ought rather to be corrected © ; he affirms, that 
the united endeavours of all ages cannot make it ſucceſsful ; 
becauſe this original error in the firſt digeſtion of the mind 
(as he expreſſes himſelf ) cannot afterwards be remedied “: 
whereby he would fignify to us, that if we ſet out in a 


Nov. Org. Scient. L. i. Aphoriſm. 9. 4 Aph. 30. Errores radicales & in prima di- 
d Nov. Org. L. 1. Aph. 19. geſtione mentis ab excellentia ſunctionum & re- 
< Ibid. Aph. 25. mediorum ſequentium non curantur. 
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wrong way ; no diligence or art, we can uſe, while we 
follow ſo erroneous 4 courſe, will ever bring us to our de- 
ſigned end. And doubtleſs it cannot prove otherwiſe; for 
in this ſpacious field of nature, if once we forſake the true 
path, we ſhall immediately loſe our ſelves, and muſt for 
ever wander with uncertainty. 


6. TRR impoſſibility of ſucceeding in ſo faulty a method 
of philoſophizing his Lordſhip endeavours to prove from the 
many falſe notions and prejudices, to which the mind of man 
is expoſed *, And ſince this judicious writer apprehends, that 
men are ſo exceeding liable to fall into theſe wrong tracts of 
thinking, as to incur great danger of being miſled by them, 
even while they enter on the true courſe in purſuit of na- 
ture b; I truſt, I ſhall be excuſed, if, by infiſting a little par- 
ticularly upon this argument, I endeavour to remove what- 
ever prejudice of this kind, might poſſibly entangle the mind 
of any of my readers. 


a, H is Lordſhip has reduced theſe prejudices and falſe 
modes of conception under four diſtin& heads ©, 


8. Tx firſt head contains ſuch, as we are ſubject to from 
the very condition of humanity, through the weakneſs both 
of our ſenſes, and of the faculties of the mind ©; ſeeing, as 
this author well obſerves, the ſubtilty of nature far exceeds 
the greateſt ſubtilty of our ſenſes or acuteſt reaſonings ©, One 


a Aph. 38. 4 Aph. 41. 
N Ibid e A 0 244 
© Aph. 39. 
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of the falſe modes of conception, which he mentions un- 
der this head, is the forming to our ſelves a fanciful ſim- 
3 plicity and regularity in natural things. This he illuſtrates 
AY by the following inſtances ; the conceiving the planets to 
4 move in perfect circles; the adding an orb of fire to the o- 
ther three elements, and the ſuppoſing each of theſe to ex- 
ceed the other in rarity, juſt in a decuple proportion 
And of the ſame nature is the aſſertion of Des CarTzs, 
without any proof, that all things are made up of three 
kinds of matter only *. As alſo this opinion of another 
philoſopher ; that light, in paſſing through different me- 
diums, was refracted, fo as to proceed by that way, through 
which it would move more ſpeedily, than through any o- 
ther. The ſecond erroneous turn of mind, taken notice of 
by his Lordſhip under this head, is, that all men are in ſome 
degree prone to a fondneſs for any notions, which they have 
once imbibed ; whereby they often wreſt things to reconcile 
them to thoſe notions, and neglect the conſideration of what- 
ever will not be brought to an agreement with» them; juſt as 
thoſe do, who are addicted to judicial aſtrology, to the obſer- 
vation of dreams, and to ſuch-like ſuperſtitions ; who care- 
fully preſerve the memory of every incident, which ſerves to 
confirm their prejudices, and let ſlip out of their minds all in- 
ſtances, that make againſt them. There is alſo farther impe- 
diment to true knowledge, mentioned under the ſame 3 by 
this noble writer, which is; that whereas, through the weak- 
neſs and imperfection of our ſenſes, many things are concealed 


* Aph. 45. © Fermat, in Oper. pag. 156, Ko. 
d Des Cartes Princ. Phil. Part. 3. f. 52. 4 Nov. Org. Aph. 46. 5 
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from us, which have the greateſt effect in producing natural 
appearances ; our minds are ordinarily moſt affected by 
that, which makes the ſtrongeſt impreſſion on our organs 
of ſenſe; whereby we are apt to judge of the real impor- 
tance of things in nature by a wrong meaſure *. So, becauſe 
the figuration and the motion of bodies ſtrike our ſenſes more 
— than moſt of their other properties, Dxs Cakrxs 
and his followers will not allow any other explication of natu- 
ral appearances, than from the figure and motion of the parts 
of matter. By which example we ſee how juſtly his WS 
ſhip obſerves this cauſe of error to be the greateſt of any ® ; 
ſince it has given riſe to a fundamental principle in a ſyſtem 
of philoſophy, that not long ago obtained almoſt an univer- 
fal reputation. 


9. THESE are the chief branches of thoſe obſtructions to 
knowledge, which this author has reduced under his firſt 
| head of falſe conceptions. The ſecond head contains the 
m to which particular perſons are more eſpecially obno- 
xious . One of theſe is the conſequence of a preceding ob- 
en: that as we are expoſed to be captivated by any opi- 
nions, which have once taken poſſeſſion of our minds; ſo in 
particular, natural knowledge has been much corrupted by 
the ſtrong attachment of men to ſome one part of ſcience, 
of which they reputed themſelves the inventers, or about 
which they have ſpent much of their time; and hence have 
been apt to conceive it to be of greater uſe in the ſtudy of na- 


Aph. 50. | c Aph. 53. 
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tural philoſophy than it was: like AzisToTLE, who redu- 
ced his phyſics to logical diſputations; and the chymiſts, who 
thought, that nature could be laid open. only by the force 
of their fires *. Some again are wholly carried away by an 
exceſſive veneration for antiquity ; others, by too great fond- 
neſs for the moderns; few having their minds ſo well balanced, 
as neither to depreciate the merit of the ancients, nor yet to 
deſpiſe the real improvements of later times. To this is 
added by his Lordſhip a difference in the genius of men, 
that ſome are moſt fitted to obſerve the ſimilitude, there is in 

| things, while others are more qualified to diſcern the par- 
ticulars, wherein they diſagree ; both which diſpoſitions of 
mind are uſeful: but to the prejudice of philoſophy men are 
apt to run into excels in each; while one ſort of genius dwells 
too much upon the groſs and ſum of things, and the other 
upon trifling minuteneſſes and ſhadowy diſtinctions *. 


Io. UNDER the third head of prejudices and falſe notions 
this writer conſiders ſuch, as follow from the lax and indefi- 
nite uſe of words in ordinary diſcourſe ; which occaſions great 
ambiguities and uncertainties in philoſophical debates (as ano- 
ther eminent philoſopher has ſince ſhewn more at large*;) in- 
ſomuch that this our author thinks a ſtrict defining of terms to 
be ſcarce an infallible remedy againſt this inconvenience*®. And 
perhaps he has no ſmall reaſon on his fide: for the common 
inaccurate ſenſe of words, notwithſtanding the limitations 
given them by definitions, will offer it ſelf fo conſtantly to 


2 Aph. 54. 4 Locke, On human underſtanding, B. iii. 
b Aph. 56. Nov. Org. Aph. 59. 
©: Aph. 55. 
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the mind, as to require great caution and circumſpection 
for us not to be deceived thereby. Of this we have a very 


eminent inſtance in the great diſputes, that have been raiſed 


about the uſe of the word attraction in philoſophy; of which 
we ſhall be obliged hereafter to make particular mention. 
Words thus to be guarded againſt are of two kinds. Scime 


are names of things, that are only imaginary *; ſuch words 


are wholly to be rejected. But there are other terms, that al- 
lude to what is real, though their ſignification is confuſed e. 


And theſe latter muſt of neceſſity be continued in uſe ; but 


their ſenſe cleared up, and freed, as much as pothble, from 
obſcurity. - | 


11. Tus laſt general head of theſe errors comprehends 
ſuch, as follow from the various ſects of falſe philoſophies ; 
which this author divides into three ſorts, the ſophiſtical, em- 
pirical, and ſuperſtitious ©. By the firſt of theſe he means 
a philoſophy built upon ſpeculations only without experi- 
ments ©; by the ſecond, where experiments are blindly ad- 
hered to, without proper reaſoning upon them *; and by 


the third, wrong opinions of nature fixed in mens minds ei- 


ther through falſe religions, or from mifunderſtanding the 
declarations of the true 5. 


12. TES are the four principal canals, by which this ju- 
dicious author thinks, that philoſophical errors have flowed in 
upon us. And he rightly 3 that the faulty method of 


In the concluſion. e Aph. 63. 
b Nov. Org. L. i. Aph. 59- : f Aph. 64. 

© Tbid. Aph. 60. 8 Aph. 65. 
4 Ibid. Aph. 62. 
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proceeding in philoſophy, againſt which he writes *, is fo far 
from aſſiſting us towards overcoming theſe prejudices ; that 
he apprehends it rather ſuited to rivet them more firmly to the 
mind”. How great reaſon then has his Lordſhip to call this 
way of philoſophizing the parent of error, and the bane of 
all knowledge ©? For, indeed, what elſe but miſtakes can fo 
bold and preſumptuous a treatment of nature produce? have 


we the wiſdom neceſſary to frame a world, that we ſhould © 


think ſo eaſily, and with fo {light a ſearch to enter into the moſt 


ſecret ſprings of nature, and diſcover the original cauſes of 


things ? what chimeras, what monſters has not this prepoſte- 
rous method brought forth ? what ſchemes, or what hypothe- 
{is's of the ſubtileſt wits has not a ſtricter enquiry into nature not 
only overthrown, but manifeſted to be ridiculous and abſurd ? 


Every new improvement, which we mahle in this ſcience, lets 


us ſee more and more the weakneſs of our gueſſes. Dr. Harvey, 
by that one diſcovery of the circulation of the blood, has 
diſſipated all the ſpeculations and reaſonings of many ages up- 
on the animal oeconomy. AsELLIus, by detecting the la- 
cteal veins, ſhewed how little ground all phyſicians and phi- 
loſophers had in conjecturing, that the nutritive part of the 
aliment was abſorbed by the mouths of the veins ſpread upon 
the bowels : and then PecQueT, by finding out the thora- 
cic duct, as evidently proved the vanity of the opinion, which 


was perſiſted in after the lacteal veſſels were known, that the - 


alimental juice was conveyed immediately to the liver, and 
there converted into blood. 


« See above, $ 4, 


5 © Tbid, 
d Nov. Org. L. i. Aph. 69. 
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13. As theſe things ſet forth the great abſurdity of pro- 
ceeding in Philoſophy on conjectures, by informing us how far 
the operations of nature are above our low conceptions; ſo 
on the other hand, ſuch inſtances of ſucceſs from a more 
judicious method ſhew us, that our bountiful maker has 
not left us wholly without means of delighting our ſelves in 
the contemplation of his wiſdom. That by a juſt way of 
inquiry into nature, we could not fail of arriving at diſcoveries 
very remote from our apprehenſions; the Lord B a c on him- 
ſelf argues from the experience of mankind. If, ſays he, the 
force of guns ſhould be deſcribed to any one ignorant of 
them, by their effects only; he might reaſonably ſuppoſe, that 
thoſe engines of deſtruction were only a more artificial com- 
poſition, than he knew, of wheels and other mechanical. 
powers : but it could never enter his thoughts,. that their 
immenſe force ſhould be owing.to a peculiar ſubſtance, 
which would enkindle into fo violent an exploſion, as we 
experience in gunpowder : ſince he would no where ſee 
the leaſt example of any fuch operation; except perhaps in 
earthquakes and thunder, which he would doubtleſs look 
upon as exalted powers of nature, greatly ſurpaſſing any art of 
man to imitate. In the ſame manner, if a ſtranger to the ori- 
ginal of ſilk were ſhewn a garment made of it, he would be 
very far from imagining ſo ſtrong a ſubſtance to be ſpun out 
of the bowels of a ſmall worm ; but muſt certainly believe 
it either a vegetable ſubſtance, like flax or cotton; or the na- 
. tural covering of ſome animal, as wool is of ſheep. Or had 
we been told, before the invention of the magnetic needle 


amon 8 us, that another people was in poſſeſſion of a certain 
contrivance 
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contrivance, by which they were inabled to diſcover the po- 
ſition of the heavens, with vaſtly more eaſe, than we could 
do; what could have been imagined more, than that they 
were provided with ſome fitter aſtronomical inſtrument for 
this purpoſe than we? That any ſtone ſhould have ſo amaz- - 
ing a property, as we find in the magnet, muſt have been 

the remoteſt from our thoughts. 


14. Bur what ſurprizing advancements in the knowledge 
of nature may be made by purſuing the true courſe. in philo 
ſophical inquiries; when thoſe ſearches are conducted by a 
genius equal to ſo divine a work, will be beſt underſtood by 
eonſidering Sir IS AA c NEwrT oN's. diſcoveries. That my 
reader may apprehend as juſt a notion of theſe, as can be con- 
veyed to him, by the brief account, which I intend to lay be- 
fore him; TI have ſet apart this introduction for explaining, in 
the fulleſt manner I am able, the principles, whereon Sir 
Isaac NEwToON proceeds. For without a clear concep- 
tion of theſe, it is impoſſible to form any true idea of the 
ſingular excellence of the inventions of this great philoſopher. 


I 5. T principles then of this philoſophy are; upon no con- 
| fideration to indulge conjectures concerning the powers and 
laws of nature, but-to make it our endeavour with all diligence 
to ſearch out the real and true laws, by which the conſtitution 
of things is regulated. The philoſopher's firſt care muſt be 
to diſtinguiſh, what he ſees to be within his power, from what. 


» Thid. Aph. 109. 
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is beyond his reach; to aſſume no greater degree of know- 
ledge, than what he finds himſelf poſſeſſed of; but to advance 


by ſlow and cautious ſteps; to ſearch gradually into natural cauſ 
es; to ſecure to himſelf the knowledge of the moſt immediate 


cath of each appearance, before he extends his views farther 
to cauſes more remote. This is the method, in which philoſo- 
phy ought to be cultivated ; which does not pretend to ſo great 
things, as the more airy ſpeculations; but will perform abun- 
dantly more: we ſhall not perhaps ſeem to the unskiltul to 
know ſo much, but our real knowledge will be greater. And 


certainly it is no objection againſt this method, that ſome o- 


thers promiſe, what is nearer to the extent of our wiſhes: ſince 


this, if it will not teach us all we could defire to be informed 


of, will however give us ſome true light into nature; which no 
other can do. Nor has the philoſopher any reaſon to think 
his labour loſt, when he finds himſelf ſtopt at the cauſe firſt 
diſcovered by him, or at any other more remote cauſe, ſhort 
of the original : for if he has but ſufficiently proved any one 
cauſe, he has entered fo far into the real conſtitution of things, 
has laid a fafe foundation for others to work upon, and 
has facilitated their endeavours in the ſearch after yet more 
diſtant cauſes; and beſides, in the mean time he may apply 


| the knowledge of theſe intermediate cauſes to many uſeful 


purpoſes. Indeed the being able to make practical dedu- 
tions from natural cauſes, conſtitutes the great diſtinction 


between the true philoſophy and the falſe. Cauſes aſ- 


ſumed upon conjecture, muſt be ſo looſe and undefined, 
that nothing particular can be collected from them. But thoſe 
cauſes, which are brought to light by a TT examination 
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of things, will be more diſtinct. Hence it appears to have 
been no unuſeful diſcovery, that the aſcent of water in pumps 
is owing to the preſſure of the air by its weight or ſpring; 
though the cauſes, which make the air gravitate, and render 


it elaſtic, be unknown : for notwithſtanding we are 1gno- 


rant of the original, whence theſe powers of the air are de- 
rived ; yet we may receive much advantage from the bare 
knowledge of theſe powers. If we are but certain of the de- 
gree of force, wherewith they act, we ſhall know the extent of 
what is to be expected from them; we ſhall know the greateſt 


height, to which it is poſſible by pumps to raiſe water; and 


ſhall thereby be prevented from making any uſeleſs efforts 
towards improving theſe inſtruments beyond the limits pre- 
ſcribed to them by nature; whereas without ſo much know- 
ledge as this, we might probably have waſted in attempts of 
this kind much time and labour. How long did philoſo- 
phers buſy themſelves to no purpoſe in endeavouring to perfect 
teleſcopes, by forming the glaſſes into ſome new figure; till 
Sir Is AAC NEW TON demonſtrated, that the effects of tele- 
ſcopes were limited from another cauſe, than was ſuppoſed; 
which no alteration in che figure of the glaſſes could remedy ? 
What method Sir Isaac N EWTON himſelf has found for 


the improvement of teleſcopes ſhall be explained hereafter *, 


But at preſent I ſhall proceed to illuſtrate, by ſome farther inſtan- 
ces, this diſtinguiſhing character of the true philoſophy, which 
we have now under conſideration. It was no trifling diſcove- 
ry, that the contraction of the muſcles of animals puts their 
limbs in motion, though the original cauſe of that contraction 


* Book III. Chap. iv. 
__ remains 
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remains a ſecret, and perhaps may always do fo ; for the 
knowledge of thus much only has given riſe to many ſpecu- 
lations upon the force and artificial diſpoſition of the muſcles, 
and has opened no narrow proſpect into the animal fabrick. 
The finding out, that the nerves are great agents in this a- 
ction, leads us yet nearer to the original cauſe, and yields us a 
witer view of the ſubject. And each of theſe ſteps affords us 
aſſiſtance towards reſtoring this animal motion, when impair- 
ed in our ſelves, by pointing out the ſeats of the injuries, to 
which it is obnoxious. To negle& all this, becauſe we can 
hitherto advance no farther, is plainly ridiculous. It is 
confeſſed by all, that Garirteo greatly improved philoſo- 
phy, by ſhewing, as we ſhall relate hereafter, that the power 
in bodies, which we call gravity, occaſions them to move 
downwards with a velocity equably accelerated“; and that 
when any body is thrown forwards, the ſame power obliges it 
to deſcribe in its motion that line, which is called by geometers 
a parabola ®: yet we are ignorant of the cauſe, which makes 
bodies gravitate. But although we are unacquainted with 
the ſpring, whence this power in nature is derived, neverthe- 
leſs we can eſtimate its effects. When a body falls perpendicu- 
larly, it is known, how long time it takes in deſcending from 
-any height whatever: and if it be thrown forwards, we know 
the real path, which it deſcribes; we can determine in what 
direction, and with what degree of ſwiftneſs it muſt be pro- 
jected, in order to its ſtriking againſt any object deſired; and 
we can alſo aſcertain the very force, wherewith it will ſtrike. 


» Book I. Chap. 2. $14 Þ Ibid. 5 85, Ke. 
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Sir Is AAC NR w To has farther taught, that this power of 
gravitation extends up to the moon, and cauſes that planet to 
gravitate as much towards the earth, as any of the bodies, which 
are familiar to us, would, if placed at the ſame diſtance * : 
he has proved likewiſe, that all the planets gravitate towards 
the ſun, and towards one another; and that their reſpective 
motions follow from this gravitation. All this he has demon- 
ſtrated upon indiſputable geometrical principles, which cannot 
be rendered precarious for want of knowing what it is, which 
cauſes theſe bodies thus mutually to gravitate: any more than 
we can doubt of the propenſity in all the bodies about us, to 
deſcend towards the earth; or can call in queſtion the fore- 
mentioned propoſitions of GALILEO, which are built upon 
that principle. And as GAL IL RO has ſhewn more fully, 
than was known before, what effects were produced in the 
motion of bodies by their gravitation towards the earth; fo 
SirIsaac NEwrToN, by this his invention, has much advan- 
ced our knowledge in the celeſtial motions. By diſcovering 
that the moon gravitates towards the ſun, as well as towards 
the earth; he has laid open thoſe intricacies in the moon's 
motion, which no aſtronomer, from obſervations only, could 
ever find out®: and one kind of heavenly bodies, the comets, 
have their motion now clearly aſcertained ; whereof we had 


before no true knowledge at all ©, 


16. DousTLEss it might be expected, that ſuch ſurprizing 
ſucceſs ſhould have ſilenced, at once, every cavil. But we 


® See Book IT. Ch. 3. F 3,4. of this treatiſe. e See Chap. 4. 
» Sce Book II. Ch. 3. of this treatiſe, 


D have 
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| have ſeen the contrary. For becauſe this philoſophy profeſſes 
modeſtly to keep within the extent of our faculties, and is 
ready to confeſs its imperfections, rather than to make any 
fruitleſs attempts to conceal them, by ſeeking to cover the de- 
fects in our knowledge with the vain oſtentation of raſh and 
groundleſs conjectures ; hence has been taken an occaſion to 
inſinuate that we are led to miraculous cauſes, and the occult 


qualities of the ſchools. 


17. Bur the firſt of theſe accuſations is very extraordina- 
ry. If by calling theſe cauſes miraculous nothing more is 
meant than only, that they often appear to us wonderful and 
furprizing, it is not eaſy to ſee what difficulty can be raiſed 
from thence ; for the works of nature diſcover every where 
ſuch proofs of the unbounded power, and the conſummate 
wiſdom of their author, that the more they are known, the 
more they will excite our admiration: and it is too manifeſt 
to be inſiſted on, that the common ſenſe of the word mira- 
culous can have no place here, when it implies what is above 
the ordinary courſe of things. The other imputation, that- 
theſe cauſes are occult upon the account of our not perceiving: 
what produces them, contains in it great ambiguity. That 
ſomething relating to them lies hid, the followers of this. 
philoſophy are ready to acknowledge, nay defire it ſhould 
be carefully remarked, as pointing out proper fubjects for fu- 
ture inquiry. But this is very different from the proceeding 
of the ſchoolmen in the cauſes called by them occult. For 
as their occult qualities were underſtood to operate in a man- 
ner occu l, and not apprehended by us; ſo they were ob- 


I truded 
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truded upon us for ſuch original and eſſential properties in bo- 
dies, as made it vain to ſeek any farther cauſe; and a great- 
er power was attributed to them, than any natural appearances 
authorized. For inſtance, the riſe of water in pumps was aſcri- 
bed to a certain abhorrence of a vacuum, which they thought 
fit to aſſign to nature. And this was ſo far a true obſervation, 
that the water does move, contrary to its uſual courſe, into 
the ſpace, which otherwiſe would be left void of any ſenſible 
matter; and, that the procuring ſuch a vacuity was the appa- 
rent cauſe of the water's aſcent. But while we were not in 
the leaſt informed how this power, called an abhorrence of a 
vacuum, produced the viſible effects; inſtead of making a- 
ny advancement in the knowledge of nature, we only gave 
an artificial name to one of her operations: and when the 
ſpeculation was puſhed ſo beyond what any appearances re- 
quired, as to have it concluded, that this abhorrence of a va- 
cuum was a power inherent in all matter, and ſo unlimited as 
to render it impoſſible for a vacuum to exiſt at all ; it then 
became a much greater abſurdity, in being made the foun- 
dation of a moſt ridiculous manner of reaſoning ; as at length - 
evidently appeared, when it came to be diſcovered, that this 
riſe of the water followed only from the preſſure of the air, 
and extended it felt no farther, than the power of that cauſe. 
The ſcholaſtic ſtile in diſcourſing of theſe occult qualities, 
as if they were eſſential differences in the very ſubſtances, 
of which bodies conſiſted, was certainly very abſurd; by 
reaſon it tended to diſcourage all farther inquiry. But no 
ſuch ill conſequences can follow from the conſidering of 
| "7 natural cauſes, which confeſſedly are not traced up to 


- & their 
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their firſt original. How ſhall we ever come to the know- 
ledge of the ſeveral original cauſes of things, otherwiſe than 
by ſtoring up all intermediate cauſes which we can diſcover ? 
Are all the original and eſſential properties of matter ſo very 
obvious, that none of them can eſcape our firſt view? This is 
not probable. It is much more likely, that, if ſome of the 
eſſential properties are diſcovered by our firſt obſervations, a 
ſtricter examination ſhould bring more to light. 


18. Bur in order to clear up this point concerning the 
eſſential properties of matter, let us conſider the ſubject a lit- 
tle diſtinctly. We are to conceive, that the matter, out of 
which the univerſe of things is formed, is furniſhed with cer- 
tain qualities and powers, whereby it is rendered fit to anfwer 
the purpoſes, for which it was created. But every property, 
of which any particle of this matter is in it ſelf poſſeſſed, and 


which is not barely the conſequence of the union of this parti- 


cle with other portions of matter, we may call an eſſential pro- 


perty : whereas all other qualities or attributes belonging to 
bodies, which depend on their particular frame and compoſi- 


tion, are not eſſential to the matter, whereof ſuch bodies are 


made; becauſe the matter of theſe bodies will be deprived 
of thoſe qualities, only by the diſſolution of the body, with- 


out working any change in the original conſtitution of one 


ſingle particle of this maſs of matter. Extenſion we appre- 
hend to be one of theſe eſſential properties, and impenetrabi- 


lity another. Theſe two belong univerſally to all matter; and 


are the principal ingredients in the idea, which this word 


matter uſually excites in the mind, Yet as the idea, marked 
by 


EB. 4 
* 
f LE 
2 ; 
8 
1 
A 
„ 
7 
mw 4 
33 
a] 
by 4" 
* 
SE | 
"8. 1 
* 
8 
Tp! 
> 
# 
by 
£ 
* 


4 
* 
4 
n 
* 
* far 
4 #8 
* 
2 
i * 
5 75 
7 5 
F 3 
* 
6-4 
* * 
; G 
* 
** 
- 4 
3 
1 
4 £ 
* A 
"4 
> 
4 
= 
LA 
= 
- 
$4 
* 
IN 
8 
4 * 
4 
WE... 
Ed 
* 
2 * 
+ 
ds - 
2 * 
LY 
bY pe 
Rr” 
ty 
1 
4 * 
. 
* 
« 


INTRODUCTION. 21 


by this name, is not purely the creature of our own un- 
derſtandings, but is taken for the repreſentation of a certain 
ſubſtance without us; if we ſhould diſcover, that every part 
of the ſubſtance, in which we find theſe two properties, 
ſhould likewiſe be endowed univerſally with any other eſſen- 
tial qualities; all theſe, from the time they come to our no- 
tice, muſt be united under our general idea of matter. How 
many ſuch properties there are actually in all matter we know 
not; thoſe, of which we are at preſent apprized, have been 
found out only by our obſervations on things; how many 


more a farther ſearch may bring to light, no one can ſay ; 


nor-are we certain, that we are provided with ſufficient me- 


thods of perception to diſcern them all. Therefore, ſince we 


"have no other way of making diſcoveries in nature, but by 


gradual inquiries into the properties of bodies ; our firſt ſtep 
muſt be to admit. without diſtinction all the properties, which 


we obſerve; and afterwards we muſt endeavour, as far as we 


are able, to-diſtinguiſh between the qualities, wherewith the 


very ſubſtances themſelves are indued, and thoſe appearances, 
which reſult from the ſtructure only of compound bodies. 
Some of the properties, which we obſerve in things, are the 
attributes of particular bodies only; others univerſally belong 
to all, that fall under our notice. Whether ſome of the 
qualities and powers of particular bodies, be derived from dif- 
ferent kinds of matter entring their compoſition, cannot, in 
the preſent imperfect ſtate of our knowledge, abſolutely be 
decided; though we have not yet any reaſon to conclude, 
but that all the bodies, with which we converſe, are framed 
out of the very fame kind of matter; and that their diſtinct 

| | quali 
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qualities are occaſioned only by their ſtructure; throu gh the va- 


riety whereof the general powers of matter are cauſed to pro- 


duce different effects. On the other hand, we ſhould not ha- 


ſtily conclude, that whatever is found to appertain to all mat- 


Fen which falls under our examination, muſt for that reaſon 
only be an eſſential property thereof, and not be derived from 
ſome unſeen diſpoſition in the frame of nature. Sir Isaac 
NEwr oN has found reaſon to conclude, that gravity is a pro- 
perty univerſally belonging to all the perceptible bodies in the 
univerſe, and to every particle of matter, whereof they are 
compoſed. But yet he no where aſſerts this property to be 
eſſential to matter. And he was ſo far from having any de- 
ſign of eſtabliſhing it as ſuch, that, on the contrary, he has 
given ſome hints worthy of himſelf at a cauſe for it*; and ex- 
preſly ſays, that he propoſed thoſe hints to ſhew, that he had 


no ſuch intention b. 


19. IT appears from hence, that it is not eaſy to deter- 


mine, what properties of bodies are eſſentially inherent in the 
matter, out of which they are made, and what depend upon 
their frame and compoſition. But certainly whatever pro- 
perties are found to belong either to any particular ſyſtems of 
matter, or univerſally to all, muſt be conſidered in philoſophy ; 
| becauſe philoſophy will be otherwiſe imperfect. Whether 
thoſe properties can be deduced from ſome other appertain- 
ing to matter, either among thoſe, which are already known, 
or #mong ſuch as can be diſcovered by us, is afterwards to be 
ſought for the farther improvement of our knowledge. But this 


« At the end of his Optics. d See the fame treatiſe, in 
in Qu. 21. Advertiſement 2. 
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inquiry cannot properly have place in the deliberation about ad- 
mitting any property of matter or bodies into philoſophy ; for 
that purpoſe it is only to be conſidered, whether the exiſtence 
of ſuch a property has been juſtly proved or not. Therefore 
to decide what cauſes of things are rightly received into na- 
tural philoſophy, requires only a diſtinct and clear conception 
of what kind of reaſoning is to be allowed of as —_ 
when we argue upon the works of nature, 
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| 20. TRR proofs in natural philoſophy cannot be ſo abſo- 

+ lutely concluſive, as in the mathematics. For the ſubjects ß JS „ 
: that ſcience are purely the ideas of our own minds. ES 

1 may be repreſented to our ſenſes by material objects, but they 

1 are themſelves the arbitrary productions of our own thoughts; 

ſo that as the mind can have a full and adequate knowledge 

of its own ideas, the reaſoning in geometry can be rendered = 
perfect. But in natural knowledge the ſubject of our con- 
templation is witliout us, and not ſo compleatly to be known: 

therefore our method of arguing muſt fall a little ſhort of ab-- 

ſolute perfection. It is only here required to ſteer a juſt courſe 

between the conjectural method of proceeding, againſt which 

I have ſo largely ſpoke; and demanding fo rigorous a proof, as 

will reduce all philoſophy to mere ſcepticiſm, and exclude all. 

proſpect of making any progreſs in the knowledge of nature.. 


21. TER conceſſions, which are to be allowed in this ſci- 
ence, are by Sir IS AAC NEwrToN included under a very 


few ſimple precepts. 


7 22. TAE 
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22. Tus firſt is, that more cauſes are not to be received 

into philoſophy, than are ſufficient to explain the appearances 
of nature. That this rule is approyed of unanimouſly, is e- 
vident from thoſe expreſſions ſo frequent among all philoſo- 
phers, that nature does nothing in vain; and that a varie- 
ty of means, where fewer would ſuffice, is needleſs. And 


certainly there is the higheſt reaſon for complying with this 


rule. For ſhould we indulge the liberty of multiplying, 
without neceſſity, the cauſes of things, it would reduce 
all philoſophy to mere uncertainty ; ſince the only proof, 
which we can have, of the exiſtence of a cauſe, is the ne- 
ceſlity of it for producing known effects. Therefore where 
one cauſe is ſufficient, if there really ſhould in nature be 
two, which is in the laſt degree improbable, we can have no 
poſſible means of knowing it, and conſequently ought not to 
take the liberty of imagining, that there are more than one. 


23. TRE ſecond precept is the direct conſequence of the 
firſt, that to like effects are to be aſcribed the ſame cauſes. 
For inſtance, that reſpiration in men and in brutes is brought 

about by the ſame means ; that bodies deſcend to the earth 
here in EURO E and in AMERICA from the ſame principle; 
that the light of a culinary fire, and of the ſun have the ſame 
manner of production; that the reflection of light is effected in 


the earth, and in the planets by the ſame power; and the like. 


24. Tux third of theſe precepts has equally evident rea- 


fon for it. It is only, that thoſe qualities, which in the ſame 
body can neither be leſſened nor increaſed, and which belong 


to 
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to all bodies that are in our power to make trial upon, ought 
to be accounted the univerſal properties of all bodies what- 


ever. 


25. IN this precept is founded that method of arguing by 
induction, without which no progreſs could be made in na- 
tural philoſophy. For as the qualities of bodies become 


known to us by experiments only; we have no other way of 


finding the properties of ſuch bodies, as are out of our reach 


to experiment upon, but by drawing concluſions from thoſe 
which fall under our examination. The only caution here 


required is, that the obſervations and experiments, we argue 


upon, be numerous enough, and that due regard be paid to 


all objections, that occur, as the Lord Bacon very judi- 
ciouſly directs . And this admonition is ſufficiently com- 


plied with, when by virtue of this rule we aſcribe impene- 


trability and extenſion to all bodies, though we have no ſen- 
ſible experiment, that affords a direct proof of any of the ce- 
leſtial bodies being impenetrable; nor that the fixed ſtars 
are ſo much as extended. For the more perfect our inſtru- 
ments are, whereby we attempt to find their viſible magni- 
tude, the leſs they appear; inſomuch that all the ſenſible 
magnitude, which we obſerve in them, ſeems only to be an 
optical deception by the ſcattering of their light. However, 
I ſuppoſe no one will imagine they are without any magni- 
tude, though their immenſe diſtance makes it undiſcernable 


by us. After the ſame manner, if it can be proved, that all 


Nov. Org. Lib. i. Ax. 105. | 


E bodies 
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; bales ere gravitate towards the earth; infpropiartion to FA 
quantity of ſolid matter in each; and that the moon gravitates 
to the earth likewiſe, in proportion to the quantity of matter 
in it; and that the ſea gravitates towards the moon, and all 
the planets towards each other; and that tlie very comets Rave 
the ſame gravitating faculty; wwe ſhall have as great reaſon to 
conclude by this rule; that all bodies gravitate towards each 
other. For indeed this rule will more ſtron fly hold in this 
caſe, than in that of the impenetrability of bodies; becauſe 
there will more inſtances be had of bodies oravitating; than 
of their being impenetrable. 


25. THis is that method of induction, whereon all phi- 
loſophy is founded; which our author farther inforces by 
this additional precept, that whatever is collected from this 
induction, ought to be received, notwithſtanding any conje- 
| tural hypotheſis to the contrary, till ſuch times as it ſhall be 
contradicted or limited by farther obſervations on nature. 
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CONCERNING THE 


MOTION of BODIES 


IN GENERAL 


—_ —. 
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C HAP. I. 
Of the LAWS of MOTION. 


AVING thus explained Sir IS AAC 
Nxwros method of reaſoning in 
- philoſophy, I ſhall now proceed to 
my intended account of his diſcove- 
ries. Theſe are contained in two trea- 

tiſes. In one of them, the MarMA- 

TICAL PRINCIPLES OF NATURAL PHILOSO- 


ray, his chief deſign i is to ſhew by what laws the heavenly 


E z motions 


„ 
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motions are regulated; in the other, his Orrics, he diſcourſes 
of the nature of light and colours, and of the action between 


light and bodies. This ſecond treatiſe is wholly confined to 


the ſubject of light: except ſome conjectures propoſed at the 
end concerning other parts of nature, which lie hitherto more 


concealed. In the other treatiſe our author was obliged to 


ſmooth the way to his principal intention, by explaining ma- 


ny things of a more general nature: for even ſome of the moſt _ 


ſimple properties of matter were ſcarce well eſtabliſhed at that 
time. We may therefore reduce Sir Is aac NzwrToN's do- 
ctrine under three general heads; and I ſhall accordingly di- 
vide my account into three books. In the firſt I ſhall ſpeak 
of what he has delivered concerning the motion of bodies, 
without regard to any particular ſyſtem of matter; in the ſe- 
cond I ſhall treat of the heavenly motions ; and the third 
ſhall be ee upon light. 


2. IN the firſt part of my deſign, we 26d begin with an 
account of the general laws of motion. 


2. Txxsx laws are ſome univerſal affections and proper- 
ties of matter drawn from experience, which are made uſe 


of as axioms and evident principles in all our arguings upon the 

motion of bodies. For as it is the cuſtom of geometers to- 
aſſume in their demonſtrations ſome propoſitions, without 
exhibiting the proof of them ; ſo in philoſophy, all our rea- 


ſoning muſt be built upon * properties of matter, firſt ad- 
mitted as principles whereon to argue. In geometry theſe ax- 
ioms are thus aſſumed, on account of their being ſo evident 

as 
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as to make any proof in form needleſs. But in philoſophy 
no properties of bodies can be in this manner received for ſelf- 


evident; fince it has been obſerved above, that we can con- 


clude nothing concerning matter by any reaſonings upon its 
nature and eſſence, but that we owe all the knowledge, we 


have thereof, to experience. Yet when our obſervations on 
matter have inform'd us of ſome of its properties, we may ſe- 


. Eurely reaſon upon them in our farther inquiries into nature. 


And theſe laws of motion, of which I am here to ſpeak, are 
found ſo univerſally to belong to bodies, that there is no mo- 


tion known, which is not regulated by them. Theſe are * 
Sir Isaac NEW ox reduced to three *. 


4. TE firſt law W all bodies have ſuch an indifference 


d reſt, or motion, that if once at reſt they remain ſo, till di- 


ſturbed by ſome power acting upon them: but if once put 


in motion, they perſiſt in it; continuing to move right for- 


wards perpetually, after the power, which gave the motion, 
is removed; and alſo preſerving the ſame degree of velocity 
or quickneſs, as was firſt communicated, not ſtopping or re- 
mitting their courſe, till interrupted or otherwiſe diſturbed by 


ſome new power impreſſed. 


7. Tus ſecond law of motion is, that the alteration of the 
Rate of any body, whether from reſt to motion,. or from mo- 
tion to reſt, or from one degree of motion to another, is al- 


ways proportional to the force impreſſed. A body at reſt, when 


Princip. philoſ. pag. 13, 14. 


acted 


! 
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acted upon by any power, yields to that power, moving in 
the ſame line, in which the power applied is directed; and 


moves with a leſs or greater degree of velocity, according to 


the degree of the power; ſo that twice the power ſhall com- 
municate a double velocity, and three times the power a 
threefold velocity. If the body be moving, and the power 
impreſſed act upon the body in the direction of its motion, 
the body ſhall receive an addition to its motion, as great as 
the motion, into which that power would have put it from a 
Nate of reſt; but if the power impreſſed upon a moving bo- 
dy act directly oppoſite to its former motion, that power {hall 


then take away from the body's motion, as much as in the o- 


ther caſe it would have added to it. Laſtly, if the power be 
_ impreſſed obliquely, there will ariſe an oblique motion dif- 

fering more or leſs from the former direction, according as 
the new impreſſion is greater or leſs. For example, if the bo- 
dy A (in fig. I.) be moving in the direction AB, and when it is 
at the point A, a power be impreſſed upon it in the direction 
AC, the body ſhall from henceforth neither move in its firſt 
direction AB, nor in the direction of the adventitious power, 
but ſhall take a courſe as AD between them: and if the 
power laſt impreſſed be juſt equal to that, which firſt gave 
to the body its motion; the line AD ſhall paſs in the middle 
between AB and AC, dividing the angle under BAC into 
two equal parts; but if the power laſt impreſſed be greater 
than the farſt, the line AD ſhall incline moſt to AC ; whereas 
if the laſt impreſſion be leſs than the firſt, the line AD ſhall 
incline moſt to AB. To be more particular, the fituation of 
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the. line AD is always to be determined after this manner. 
Let AE be the ſpace, which the body would have moved 
through in the line AB during any certain portion of time; 
provided that body, when at A, had received no ſecond im- 
pulſe. ,Suppoſe likewiſe, that AF is the part of the line AC, 
through which the body would have moved during an equal 
portion of time, if it had been at reſt in A, when it received 
the impulſe in the direction AC: then if from E be drawn 
a line parallel to, or equidiſtant from AC, and from F an- 
other line parallel to AB, thoſe two lines will meet in the 
line AD. 


6. Tus third and laſt of theſe laws of motion is, that 
when any body acts upon another, the action of that body 


upon the other 1s _ by the contrary reaction of that. 
other body upon the farſt. 


hy, 
, 


7. Tazss laws of motion are abundantly confirmed by 


this, that all the deductions made froni them, in relation to 


the motion of bodies, how complicated ſoever, are found to. 
agree perfectly with obſervation. This ſhall be ſhewn-more 
at large in the next chapter. But before we proceed to ſo 
diffuſive a proof; I chuſe here to point out thoſe appearan- 
ces of bodies, whereby the laws of motion are firſt ſuggeſted. 


_ tous. 


8. DaiLy obſervation makes it appear to us, that any 
body, which we once ſee at reſt, never puts it ſelf into freſh. 
motion; 
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motion; but continues always in the ſame place, till removed 
by ſome power applied to it. 


9. A GAIN, whenever a body is once in motion, it continues 
in that motion ſome time after the moving power has quitted 
it, and it is left to it ſelf, Now if the body continue to move 
but a ſingle moment, after the moving power has left it, there 
can no reaſon be aſſigned, why it ſhould ever ſtop without 
ſome external farce. For it is plain, that this continuance of 
the motion is cauſed only by the body's having already mov- 
ed, the ſole operation of the power upon the body being the 
putting it in motion; therefore that motion continued will e- 
qually be the cauſe of its farther motion, and fo on without 
end. The only doubt that can remain, is, whether this motion 
communicated continues intire, after the power, that cauſed 
it, ceaſes to act; or whether it does not gradually languiſh and 
decreaſe. And this ſuſpicion cannot be removed by a tranſi- 
ent and {light obſervation on bodies, but will be fully cleared 
up by thoſe more accurate proofs of the laws of motion, 
which are to be conſidered in the next chapter. 


10. LasTLyY, bodies in motion appear to affect a ſtraight 
courſe without any deviation, unleſs when diſturbed by ſome 
adventitious power acting upon them. If a body be thrown 
perpendicularly upwards or downwards, it appears to continue 
in the ſame ſtraight line during the whole time of its motion. 
If a body be thrown in any other direction, it is found to de- 
viate from the line, in which it began to move, more and 

more 
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more continually towards the earth, whither it is directed 
by its weight: but ſince, when the weight of a body does 
not alter the direction of its motion, it always moves in 
a ſtraight line, without doubt in this other caſe the body's 
declining from its firſt courſe is no more, than what is cau- 
ſed by its weight alone. As this appears at firſt ſight to be 
unqueſtionable, ſo we ſhall have a very diſtin& proof thereof 
in the next chapter, where the oblique motion of bodies will 
be particularly conſidered. 


Ii. THus we ſee how the firſt of the laws of motion 
agrees with what appears to us in moving bodies. But 
here occurs this farther conſideration, that the real and ab- 
ſolute motion of any body is not vifible to us: for we 
are our ſelves alſo in conftant motion along with the 
earth whereon we dwell ; inſomuch that we perceive bo- 
dies to move ſo far only, as their motion is different from 
our own. When a body appears to us to lie at reſt, in 
reality it only continues the motion, it has received, without 
putting forth any power to change that motion. If we 
throw a body in the courſe or direction, wherein we are 
carried our felves; ſo much motion a we ſeem to have 


given to the body, ſo much we have truly added to the 


motion, it had, while it appeared to us to be at reſt. But 


if we impel a body the contrary way, although the body 


3 to us to have received by ſuch an impulſe as much 


motion, as when impelled the other way; yet in this caſe we 
have taken from the body ſo much real motion, as we ſeem 
to have given it. Thus the motion, which we ſee in bodies, 

F | Is 
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is not their real motion, but only relative with reſpect to us; 
and the forementioned obſervations only ſhew us, that this 
firſt law of motion has place in this relative or apparent 
motion. However, though we cannot make any obſerva- 
tion immediately on the abſolute motion of bodies, yet by 
reaſoning upon what we obſerve in viſible motion, we can 


diſcover the properties and effects of real motion. 


12. WIr regard to this firſt law of motion, which is 

now under conſideration, we may from the foregoing ob- 
ſervations moſt truly collect, that bodies are diſpoſed to con- 
- tinue in the abſolute motion, which they have once received, 
without increaſing or diminiſhing their velocity. When a 
body appears to us to lie at reſt, it really preſerves without 


change the motion, which it has in common with. our ſelves : 


and when we put it into viſible motion, and we ſee it conti- 


nue that motion ; this proves, that the body retains that de- 
gree of its abſolute motion, into which it is put by our acting 
upon it: if we give it ſuch an apparent motion, which adds 
to its real motion, it preſerves that addition; and if our act- 
ing on the body takes off from its real motion, it continues 
afterwards ta move with no more real motion, than we have 


left it. 


13. AGAIN, we do not obſerve in bodies any diſpoſition or 


power within themſelves to change the direction of their mo- 
tion; and if they had any ſuch power, it would eaſily be diſ- 
covered. For ſuppoſe a body by the ſtructure or diſpoſition 
of its parts, or by any other circumſtance in its make, was in- 

J dued 
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dued with a power of moving it ſelf ; this ſelf- moving prin- 


ciple, which ſhould be thus inherent in the body, and not 


depend on any thing external, muſt change the direction 
wherein it would act, as often as the poſition of the body 
was changed: ſo that for inſtance, if a body was lying be- 
fore me in ſuch a poſition, that the direction, wherein this 
principle diſpoſes the body to move, was pointed directly from 
me; if I then gradually turned the body about, the direction 
of this ſelf-moving principle would no longer be pointed di- 
rectly from me, but would turn about along with the body. 
Now if any body, which appears to us at reſt, were furniſh- 
ed with any ſuch ſelf- moving principle; from the body's ap- 
pearing without motion we muſt conclude, that this ſelf- mov- 
ing principle lies directed the fame way as the earth is car- 
rying the body ; and fuch a body might immediately be put 
into viſible motion only by turning it about in any degree, 
that this ſelf- moving principle might receive a different di- 


rection. 


14. From theſe confiderations it very plainly follows, 
that if a body were once abſolutely at reſt ; not being fur- 
niſhed with any principle, whereby it could put it ſelf into 
motion, it muſt for ever continue in the fame place, till ated 
upon by ſomething external: and alfo that when a body is put 
into motion, it has no power within it felf to make any 
change in the direction of that motion; and conſequently 
that the body muſt move on ſtraight forward without declin- 
ing any way whatever. But it has before been ſhewn, that 
bodies do not appear to have in themſelves any power to 
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change the velocity of their motion: therefore this firſt law 
of motion has been illuſtrated and confirmed, as much as can 
be from the tranſient obſervations, which have here been diſ- 


courſed upon; and in the next chapter all this will be Lal 
eſtabliſhed by more correct obſervations. 


15. Bor I ſhall now Pe to the ſecond law of motion; 
wherein, when it is aſſerted, that the velocity, with which 
any body is moved by the action of a power upon it, is pro- 
portional to that power; the degree of power is ſuppoſed to 
be meaſured by the greatneſs of the body, which it can move 
with a given celerity. So that the ſenſe of this law is, that 
if any body were put into motion with that degree of ſwift- 
neſs, as to paſs in' one hour the length of a thouſand yards ; 
the power, which would give the fame degree of velocity to 
a body twice as great, would give this leſſer body twice the 
velocity, cauſing it to deſcribe in the ſame ſpace of an hour 
two thouſand yards. But by a body twice as great as another, 
I do not here mean ſimply of twice the bulk, but one that 
contains a double quantity of ſolid matter.. 


16. War the power, which can move a body twice as great 
as another with the ſame degree of velocity, ſhould be called 
twice as great as the power, which can give the leſſer body 
the ſame velocity, is evident. For if we ſhould ſuppoſe the 
greater body to. be divided into two equal parts, each equal 
to the leſſer body, each of theſe halves will require the ſame 
degree of power to move them with the velocity of the leſſer 
bady, as the leſſer body it ſelf requires; and therefore both. 

dy thoſe 
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thoſe halves, or the whole greater body, will require the 
moving power to be doubled. 


17. THar the moving power being in this ſenſe doubled, 
ſhould juſt double likewiſe the velocity of the ſame body, 
ſeems near as evident, if we conſider, that the effect of the 
power applied muſt needs be the ſame, whether that power 
be applied to the body at once, or in parts. Suppoſe then the 
double power not applied to the body at once, but half of it 
firſt, and afterwards the other half; it is not conceivable for 
what reaſon the half laſt applied ſhould come to have a dif- 
ferent effect upon the body, from that which is applied firſt ; 
as it muſt have, if the velocity of the body was not juſt dou- 
bled by the application of it. So far as experience can deter- 
mine, we ſee nothing to favour ſuch a ſuppoſition. We can- 
not indeed (by reaſon of the conſtant motion of the earth) 
make trial upon any body perfectly at reſt, whereby to ſee 
whether a power applied in that caſe would have a different 
effect, from what it has, when the body is already moving; 
but we find no alteration in the effect of the ſame power on 
account of any difference there may be in the motion of the 
body, when the power is applied. The earth does not al- 
ways carry bodies with the ſame degree of velocity; yet we 
find the viſible effects of any power applied to the ſame bo- 
dy to be at all times the very ſame: and a bale of goods, or 
other moveable body lying in a ſhip is as eaſily removed. 
from place to place, while the ſhip is under ſail, if its motion 
be ſteady, as when it is fixed at anchor.. 


18,. NO 
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18. Now this experience is alone ſufficient to ſhew to us 
the WHOEE of this law of motion. 


I9. J INCE we find, that the ſame power will always pro- 
duce the ſame change in the motion of any body, whether 
that body were before moving with a ſwifter or ſlower mo- 
tion ; the change wrought in the motion of a body depends 
ooly on the power ap plied to it, without any regard to the 
body's former motion : and therefore the degree of motion, 
which the body already poſſeſſes, having no influence on the 
power applied to diſturb its operation, the effects of the 
fame power will not only be the ſame in all degrees of mo- 
tion of the body ; but we have likewiſe no reaſon to doubt, 


but that a body perfectly at reſt would receive from any pow- 


er as much motion, as would be equivalent to the effect of the 


fame power applied to that body already in motion. 


20. AGAIN, ſuppoſe a body being at reſt, any number of 
equal powers ſhould be ſucceſſively applied to it; puſhing it 
forward from time to time in the fame courſe or direction. 
Upon the application of the firſt power the body would begin 
to move; when the ſecond power was applied, it appears from 
what has been faid, that the motion of the body would be- 
come double; the third power would treble the motion of the 
body; and ſo on, till after the operation of the laſt power the 
motion of the body would be as many times the motion, 
which the firſt power gave it, as there are powers in number. 
And the effect of this number of powers will be always the 


ſame, 
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fame, without any regard to the ſpace of time taken up in 
applying them: ſo that greater or leſſer intervals between 
the application of each of theſe powers will produce no dif- 3 
ference at all in their effects. Since therefore the diſtance of 9 
time between the action of each power is of no conſequence; | 
without doubt the effect will ſtill be the ſame, though the 
powers ſhould all be applied at the very ſame inſtant ; or al- 
though a ſingle power ſhould be applied equal in ſtrength to 
the collective force of all theſe powers. Hence it plainly fol- 
lows, that the degree of motion, into which any body will 
be put out of a ſtate of reſt by any power, will be proportio- 
nal to that power. A double power will give twice the velo- 
city, a treble power three times the velocity, and ſo on. The 
foregoing reaſoning will equally take place, though the bo- 
dy were not ſuppoſed to be at reſt, when the powers began to 
be applied to it; provided the direction, in which the powers 
were applied, either conſpired with the action of the body, or 
was directly oppoſite to it. Therefore if any power be ap- 
plied to a moving body, and act upon the body either in 
the direction wherewith the body moves, ſo as to accelerate 
the body; or if it act directly oppoſite to the motion of the 
body, ſo as to retard it: in both theſe caſes the change of 
motion will be proportional to the power applied; nay, the 
augmentation of the motion in one caſe, and the dimi- 
nution thereof in the other, will be equal to that degree of 
motion, into which the ſame power would put the body, had 
it been at reſt, when the power was applied. 


Som 
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21. FaR THEN a power may be fo applied to a moving 
body, as to act obliquely to the motion of the body. And 
the effects of ſuch an oblique motion may be deduced from 
this obſervation; that as all bodies are continually moving a- 
long with the earth, we ſee that the viſible effects of the fame 
power are always the ſame, in whatever direction the power 
acts: and therefore the viſible effects of any power upon a 
body, which ſeems only to be at reſt, is always to appearance 
the ſame as the real effect would be upon a body truly at reſt. 
Now ſuppoſe a body were moving along the line AB (in 
fig. 2.) and the eye accompanied it with an equal motion in 
the line CD equidiſtant from AB; fo that when the body is 
at A, the eye ſhall be at C, and aki the body is advanced to 
E in the line AB, the eye ſhall be advanced to F in the line 
CD, the diſtances AE and CF being equal. It is evident, 
that here the body will appear to the eye to be at reſt ; and 
the line FEG drawn from the eye through the body ſhall ſeem 
to the eye to be immoveable; though as the body and eye 
move forward together, this line ſhall really alſo move; fo 
that when the body ſhall be advanced to H and the eye to K, 
the line FEG ſhall be transferred into the ſituation KHL, 
this line K HL being equidiſtant from FE G. Now if the bo- 
dy when at E were to receive an impulſe in the direction of 
the line FEG; while the eye is moving on from F to I, and 
carrying along with it the line FEG, the body will appear to 
the eye to move along this line FEG: for this is what has juſt 
now been ſaid; that while bodies are moving along with the 
earth, and _ ſpectator's eye partakes of the ſame motion, 
the effect of any power upon the body will appear to be what 
it 
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it would really have been, had the body been truly at reſt 
when the power was applied. From hence it follows, that 
when the eye is advanced to K, the body will appear ſome- 
where in the line KHL. Suppoſe it appear in M ; then it is 
manifeſt, from what has been premiſed at the beginning of 
this paragraph, that the diſtance HM is equal to what the 
body would have run upon the line EG, during the time, 
wherein the eye has paſſed from E to K, provided that the bo- 
dy had been at reſt, when acted upon in E. If it be farther 
asked, after what manner the body has moved from E to M ? 
I anſwer, through a ſtraight line ; for it has been ſhewn above 
in the explication of the firſt * of motion, that a mov- 
ing body, from the time it is left to it ſelf, will proceed on in 


one continued ſtraight line, 


| * 

22. Ir EN be taken equal to HM and NM be drawn; 
fince HM is equidiſtant from EN, NM will be equidiſtant 
from EH. Therefore the effect of any power upon a moving 
body, when that power acts obliquely to the motion of the 
body, is to be determined in this manner. Suppoſe the bo- 
dy is moving along the ſtraight line A E B, if when the body is 
come to E, a power gives it an impulſe in the direction of the 
line EG, to find what courſe the body will afterwards take 
we muſt proceed thus. Take in EB any length EH, and in 
EG take ſuch a length EN, that if the body had been at reſt 
in E, the power applied to it would have cauſed it to move 
over EN in the ſame ſpace of time, as it would have employed 
in paſſing over EH, if the power had not acted at all upon it. 
Then draw H L equidiſtant from EG, and N M equidiſtant 

G from 


42 Sir Is aac NEwToN's Book]. 


from EB. After this, if a line be drawn from E to the 
point M, where theſe two lines meet, the line EM will be the 
courſe into which the body will be put by the action of the 


power upon it at E. 


23. A MATHEMATICAL reader would here expect in 
ſome particulars more regular demonſtrations; but as I do 
not at preſent addreſs my ſelf to ſuch, fo I hope, what I have 
now written will render my meaning evident enough to thoſe, 
who are unacquainted with that kind of reaſoning. 


24. Now as we have been ſhewing, that ſome actual 
force is neceſſary either to put bodies out of a ſtate of reſt in- 
to motion, or to change the motion, which they have once 
received; it is proper here to obſerve, that this quality in bo- 
dies, whereby they preſerve their preſent ſtate, with regard” 
to motion or reſt, till ſonie active force diſturb them, is cal- 
led the vis INERTIAE of matter : and by this property, mat- 
ter, ſluggiſh and unactive of it ſelf, retains all the power im- 
preſſed upon it, and cannot be made to ceaſe from action, but 
by the oppoſition of as great a power, as that which firſt mov- 
ed it. By the degree of this vis iNzRTIAE, or power of inac- 
tivity, as we ſhall henceforth call it, we primarily judge of 
the quantity of ſolid matter in each body ; for as this quality is 
inherent in all the bodies, upon which we can make any trial, 
we conclude it to be a property eſſential to all matter; and 
as we yet know no reaſon to ſuppoſe, that bodies are compo- 
ſed of different kinds of matter, we rather preſume, that 
the matter of all bodies is the fame ; and that the degree of 

this 
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this power of inactivity is in every body proportional to the 
quantity of the ſolid matter in it. But although we have no 
abſolute proof, that all the matter in the univerſe is uniform, 
and poſſeſſes this power of inactivity in the ſame degree; yet 
we can with certainty compare together the different degrees 
of this power of inactivity in difterent bodies. Particularly 
this power is proportional to the weight of bodies, as Sir Isaac 
Nxwrod has demonſtrated *. However, notwithſtanding 
that this power of inactivity in any body can be more certain- 
ly known, than the quantity of ſolid matter in it; yet ſince 
there is no reaſon to ſuſpect that one is not proportional to the 
other, we ſhall hereafter ſpeak without heſitation of the quan- 
tity of matter in bodies, as the meaſure of the degree of their 
power of inactivity. 


25. Tr1s being eſtabliſhed, we may now compare the 
effects of the ſame power upon different bodies, as hither- 
to we have ſhewn the effects of different powers upon the 
ſame body. And here if we limit the word motion to the 
peculiar ſenſe given to it in philoſophy, we may comprehend 
all that is to be ſaid upon this head under one ſhort precept ; 
that the ſame power, to whatever body it is applied, will al- 
ways produce the fame degree of motion. But here motion 
does not ſignify the degree of celerity or velocity with which 
a body moves, in which ſenſe only we have hitherto uſed it; 
but it is made uſe of particularly in philoſophy to ſignify the 
force with which a body moves: as if two bodies A and B be- 


2 Princ. Philoſ. L. II. prop. 24. corol. 7. See alſo B. II. Ch. 5. $ 3. of this treatiſe. 
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ing in mdtion, twice the force would be required to ſtop A as 
to ſtop B, the motion of A would be eſteemed double the 
motion of B. In moving bodies, theſe two things are care- 
fully to be diſtinguiſhed; their velocity or celerity, which is 
meaſured by the ſpace they paſs through during any determi- 
nate portion of time; and the quantity of their motion, or 
the force, with which they will preſs againſt any reſiſtance. 
Which force, when different bodies move with the ſame ve- 
locity, is proportional to the quantity of ſolid matter in the 
bodies; but if the bodies are equal, this force is proportio- 
nal to their reſpective velocities, and in other caſes it is pro- 
portional both to the quantity of ſolid matter in the body, and 
alſo to its velocity. To inſtance in two bodies Aand B: if Abe 
twice as great as B, and they have both the ſame velocity, the 
motion of A ſhall be double the motion of B; and it the bo- 
dies be equal, and the velocity of A be twice that of B, the 
motion of A ſhall likewiſe be double that of B; but if A be 
twice as large as B, and move twice as ſwift, the motion of A 
will be four times the motion of B; and laſtly, if A be twice 
as large as B, and move but halt as faſt, the degree of their 
motion ſhall be the ſame. 


26. Ta1s is the articular ſenſe given to the word motion 
by philoſophers, and in this ſenſe of the word the ſame pow- 
er always produces the ſame quantity or degree of motion. If 
the ſame power act upon two bodies A and B, the velocities, 
it ſhall give to each of them, ſhall be fo adjuſted to the reſpec- 
tive bodies, that the ſame degree of motion ſhall be produced 
in each. It A be twice as great as B, its velocity l be half 

; that 
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that of B; if A has three times as much ſolid matter as B, the 
velocity of A ſhall be one third of the velocity of B; and ge- 
nerally the velocity given to A ſhall bear the ſame proportion 


to the velocity given to B, as the quantity of ſolid matter con- 
| tained in the body B bears to the quantity of ſolid matter con- 


tained in A. 


27. TER reaſon of all this is evident from what has gone 


before. If a power were applied to B, which ſhould bear 


the ſame proportion to the power applied to A, as the body B 


bears to A, the bodies B and A would both receive the ſame 
velocity; and the velocity, which B will receive from this 
power, will bear the ſame proportion to the velocity, which 
it would receive from the action of the power applied to A, 
as the former of theſe powers bears to the latter: that is, 
the velocity, which A receives from the power applied to it, 
will bear to the velocity, which B would receive from 


the ſame power, the ſame proportion as the body B bears 
to A. 


28. FROM hence we may now paſs to the third law of 
motion, where this diſtinction between the velocity of a bo- 
dy and its whole motion is farther neceſſary to be regarded, as 
ſhall immediately be ſhewn ; after having firſt illuſtrated the 
meaning of this law by a familiar inſtance. If a ſtone or o- 
ther load be drawn by a horſe; the load re- acts upon the horſe, . 
as much as the horſe acts upon the load; for the harneſs, 
which is ſtrained between them, preſſes againſt the horſe as 
much as againſt the load; and the progreſſive motion of the 


horſe - 
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horſe forward is hindred as much by the load, as the motion 

of the load is promoted by the endeavour of the horſe: that 
is, if the horſe put forth the ſame ſtrength, when looſened 
from the load, he would move himſelf forwards with greater 
ſwiftneſs in proportion to the difference between the weight 
of his own body and the weight of himſelf and load to- 
gether. | 


29. Tuts inſtance will afford ſome general notion of the 
meaning of this law. But to proceed to a more philoſophi- 
cal explication : if a body in motion ſtrike againſt another at 
reſt, let the body ſtriking be ever ſo ſmall, yet ſhall it com- 
municate ſome degree of motion to the body it ſtrikes againſt, 
though the leſs that body be in compariſon of that it impin- 
ges upon, and the leſs the velocity is, with which it moves, 
the ſmaller will be the motion communicated. But whatever 
degree of motion it gives to the reſting body, the fame it 
ſhall loſe it ſelf. This is the neceſſary conſequence of the 
forementioned power of inactivity in matter. For ſuppoſe 
the two bodies equal, it is evident from the time they meet, 
both the bodies are to be moved by the fingle motion of the 
firſt; therefore the body in motion by means of its power of 
inactivity retaining the motion firſt given it, ſtrikes upon the 
other with the ſame force, wherewith it was acted upon it 
ſelf : but now both the bodies being to be moved by that 
force, which before moved one only, the enfuing velocity 
will be the ſame, as if the power, which was applied to one 
of the bodies, and put it into motion, had been applied to 
both ; whence it appears, that they will proceed forwards, 

3 with 
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with half the velocity, which the body firſt in motion had: 
that is, the body firſt moved will have loſt half its motion, 
and the other will have gained exactly as much. This rule 
is juſt, provided the bodies keep contiguous after meeting; as 
they would always do, if it were not for a certain cauſe that 
often intervenes, and which muſt now be explained. Bodies 
upon ſtriking againſt each other, ſuffer an alteration in their 
figure, having their parts preſſed inwards by the ſtroke, which 
for the moſt part recoil again afterwards, the bodies endea- 
vouring to recover their former ſhape. This power, whereby 
bodies are inabled to regain their firſt figure, is uſually called 
their elaſticity, and when it acts, it forces the bodies from 
each other, and cauſes them to ſeparate. Now the effect of 
this elaſticity in the preſent caſe is ſuch, that if the bodies are 
perfectly elaſtic, ſo as to recoil with as great a force as they 
are bent with, that they recover their figure in the ſame ſpace 
of time, as has been taken up in the alteration made in it by 
their compreſſion together; then this power will ſeparate the 
bodies as ſwiftly, as they before approached, and acting up- 
on both equally, upon the body firſt in motion contrary to 
the direction in which it moves, and upon the other as much 
in the direction of its motion, it will take from the firſt, and 
add to the other equal degrees of velocity: ſo that the power 
being ſtrong enough to ſeparate them with as great a velocity, 
as they approached with, the firſt will be quite ſtopt, and 
that which was at reſt, will receive all the motion of the 
other. If the bodies are elaſtic in a leſs degree, the firſt will 
not loſe all its motion, nor will the other acquire the motion: 
of the firſt, but fall as much ſhort of it, as the other retains. 


For 
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For this rule is never deviated from, that though the degree 


of elaſticity determines how much more than half its veloci- 
ty the body firſt in motion ſhall loſe; yet in every caſe the 
loſs in the motion of this body ſhall be transferred to the other, 
that other body always receiving by the ſtroke as much mo- 
tion, as is taken from the firſt. 


30. THis is the caſe of a body ſtriking directly againſt an 
equal body at reſt, and the reaſoning here uſed is fully con- 
firmed by experience. There are many other caſes of bodies 
impinging againſt one another : but the mention of theſe 
ſhall be reſerved to the next chapter, where we intend to be 
more particular and diffuſive in the proof of theſe laws of mo- 
tion, than we have been here. 


Crap. II. 
Farther proofs of the T,aws of MorTON. 


AVING in the preceding chapter deduced the three 
laws of motion, delivered by our great philoſopher, 
from the moſt obvious obſervations, that ſuggeſt them to us; 
I now intend to give more particular proofs of them, by re- 
counting ſome of the diſcoveries which have been made in 
Philoſophy before Sir Is aA NewTon. For as they were 
all collected by reaſoning upon thoſe laws; ſo the conformity 
of theſe diſcoveries to experience makes them ſo many proofs 


of the truth of the principles, from which they were derived. 


z. LET 
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2. Lr us begin with the ſubject, which concluded the 
laſt chapter. Although the body in motion be not equal to 
the body at reſt, on which it ſtrikes; yet the motion after 
the ſtroke is to be eſtimated in the ſame manner as above. 
Let A (in fig. 3.) be a body in motion towards another body 
B lying at reſt. When A is arrived at B, it cannot proceed 
farther without putting B into motion; and what motion it 
gives to B, it muſt loſe it ſelf, that the whole degree of mo- 
tion of A and B together, if neither of the bodies be elaſtic, 
ſhall be equal, after the meeting of the bodies, to the ſingle 
motion of A before the ſtroke. Therefore, from what has 
been ſaid above, it is manifeſt, that as ſoon as the two bodies 
are met, they will move on together with a velocity, which 


will bear the ſame proportion to the original velocity of A, as 
the body A bears to the ſum of both the bodies. 


3. Ir the bodies are elaſtic, ſo that they ſhall ſeparate af- 
ter the ſtroke, A muſt loſe a greater part of its motion, and 
the ſubſequent motion of B will be augmented by this elaſti- 
city, as much as the motion of A is diminiſhed by it. The 
elaſticity acting equally between both the bodies, it will com- 
municate to each the ſame degree of motion; that is, it will 
ſeparate the bodies by taking from the body A and adding to 
the body B different degrees of velocity, ſo proportioned to 
their reſpective quantities of matter, that the degree of mo- 
tion, wherewith A ſeparates from B, ſhall be equal to the de- 
gree of motion, wherewith B ſeparates from A. It follows 
therefore , that the velocity- taken from A by the elaſticity 
bears to the velocity, which the ſame elaſticity adds to B, the 


H ſame 
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fame proportion, as B bears to A: conſequently the velocity, 
which the elaſticity takes from A, will bear the fame propor- 
tion to the whole velocity, wherewith this elaſticity cauſes the 
two bodies to ſeparate from each other, as the body B bears to 
the ſum of the two bodies A and B; and the velocity, which 
is added to B by the elaſticity, bears to the velocity, where- 
with the bodies ſeparate, the ſame proportion, as the body A 
bears to the ſum of the two bodies A and B. Thus is found, 
how much the elaſticity takes from the velocity of A, and 
adds to the velocity of B; provided the degree of elaſticity be 
known, whereby to determine the whole velocity wherewith 
the bodies ſeparate from each other after the ſtroke *. 


4. AFTER this manner is determined in every caſe the re- 
ſult of a body in motion ſtriking againſt another at reſt. The 
ſame principles will alſo determine the effects, when both 


bodies are in motion. 


5. LE two equal bodies move againſt each other with e- 
qual ſwiftneſs. Then the force, with which each of them 
preſſes forwards, being equal when they ſtrike; each preſſ- 
ing in its own direction with the ſame energy, neither ſhall 
ſurmount the other, but both be ſtopt, if they be not elaſtic: 
for if they be elaſtic, they ſhall from thence recover new mo- 
tion, and recede from each other, as ſwiftly as they met, if 
they be perfectly elaſtic; but more ſlowly, if leſs ſo. In the 
ſame manner, if two bodies of unequal bigneſs ſtrike againſt 
each other, and their velocities be ſo related, that the velocity 


Ho this degree of elaſticity is to be found by experiment, will be ſhewn below in 5 74. 


of 
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of the leſſer body ſhall exceed the velocity of the greater in 
the ſame proportion, as the greater body exceeds the leſſer (for 
inſtance, if one body contains twice the ſolid matter as the o- 
ther, and moves but half as ſaſt) two ſuch bodies will entire- 
ly ſuppreſs each other's motion, and remain from the time of 
their meeting fixed ; if, as before, they are not elaſtic: but, 
if they are ſo in the higheſt degree, they ſhall recede again, 
each with the ſame velocity, wherewith they met. For this 
elaſtic power, as in the preceding caſe, ſhall renew their mo- 
tion, and preſſing equally upon both, ſhall give the ſame mo- 
tion to both; that is, ſhall cauſe the velocity, which the leſſer 
body receives, to bear the ſame proportion to the velocity, 
which the greater receives, as the greater body bears to the 
leſſer : ſo that the velocities ſhall bear the ſame proportion to 
each other after the ſtroke, as before. Therefore if the bodies, 
by being perfectly elaſtic, have the ſum of their velocities 
after the ſtroke equal to the ſum of their velocities before the 
ſtroke, each body after the ſtroke will receive its firſt veloci- 
ty. And the ſame proportion will hold likewiſe between the 
| velocities, wherewith they go off, though they are elaſtic but 
in a leſs degree; only then the velocity of each will be leſs in 
proportion to the detect of elaſticity. 


6. Ir the velocities, wherewith the bodies meet, are not 
in the proportion here ſuppoſed ; but if one of the bodies, as 
A, has a ſwifter velocity in compariſon to the velocity of the 
other; then the effect of this exceſs of velocity in the body A 
mult be joined to the effect now mentioned, after the manner 
of this following example. Let A be twice as great as B, and 
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move with the ſame ſwiftneſs as B. Here A moves with twice 
that degree of ſwiftneſs, which would anſwer to the foremen- 
tioned proportion. For A being double to B, if it moved 
but with half the ſwiftneſs, wherewith B advances, it has been 
juſt now ſhewn, that the two bodies upon meeting would 
ſtop, if they were not elaſtic ; and if they were elaſtic, that 
they would each recoil, ſo as to cauſe A to return with half 
the velocity, wherewith B would return. But it is evident 
from hence, that B by encountring A will annul half its velo- 
city, if the bodies be not elaſtic; and the future motion of the 
bodies will be the ſame, as if A had advanced againſt B at 
reſt with halt the velocity here aſſigned to it. If the bodies 
be elaſtic, the velocity of A and B after the ſtroke may be thus 
diſcovered. As'the two bodies advance againſt each other, 
the velocity, with which they meet, is made up of the velo- 
cities of both bodies added together. After the ſtroke their 
elaſticity will ſeparate them again. The degree of elaſticity 
will determine what proportion the velocity, wherewith they 
ſeparate, muſt bear to that, wherewith they meet. Divide 
this velocity, with which the bodies ſeparate into two parts, 
that one of the parts bear to the other the ſame proportion, as 
the body A bears to B; and aſcribe the leſſer part to the great- 
er body A, and the greater part of the velocity to the leſſer 
body B. Then take the part aſcribed to A from the common 
velocity, which A and B would have had after the ſtroke, if 
they had not been elaſtic ; and add the part aſcribed to B to 
the ſame common velocity. By this means the true velocities 


of A and B after the ſtroke will be made known. 


7. Ie 
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7. Ir the bodies are perfectly elaſtic, the great k Huy ENS 
has laid down this rule for finding their motion after con- 
courſe*. Any ſtraight line CD (in fig. 4, J.) being drawn, 
let it be divided in F, that CE bear the ſame proportion to 
E, as the ſwiftneſs of A bore to the ſwiftneſs of B before the 
ſtroke. Let the ſame line CD be alſo divided in F, that CF 
bear the ſame proportion to FD, as the body B bears to the 
body A. Then FG being taken equal to FE, if the point G 
falls within the line CD, both the bodies ſhall recoil after the 
ſtroke, and the velocity, wherewith the body A ſhall return, 
will bear the ſame proportion to the velocity, wherewith B 
ſhall return, as G C bears to GD; but if the point G falls with- 
out the line CD, then the bodies after their concourſe ſhall 
both proceed to move the ſame way, and the velocity of A 


{ball bear to the velocity of B the ſame proportion, that GC 
bears to GD, as before. 


8. Ir the body B had ſtood ſtill, and received the impulſe 
of the other body A upon it; the effect has been already ex- 
plained in the caſe, when the bodies are not elaſtic. And 
when they are elaſtic, the reſult of their colliſion is found by 
combining the effect of the elaſticity with the other effect, in 


the ſame manner as in the laſt caſe. 


9. WHen the bodies are perfectly elaſtic, the rule of 
HuyGENs here is to divide the line CD (fig. 6.) in E as 
before, and to take EG equal to ED. And by theſe points 


In oper. poſthum de Motu corpor, ex per- | d In the above · cited place. 
cuſſion. prop. 9. | 


thus 


. 
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thus found, the motion of each body after the ſtroke is de- 
termined, as before. 


Io. In the next place, ſuppoſe the bodies A and B were 
both moving the ſame way, but A with a ſwifter motion, ſo 
as to overtake B, and ſtrike againſt it. The effect of the per- 
cuſhon or ſtroke, when the bodies are not elaſtic, is diſcover- 
ed by finding the common motion, which the two bodies 
would have after the ſtroke, if B were at reſt, and A were to 
advance againſt it with a velocity equal to the exceſs of the 
preſent velocity of A above the velocity of B; and by ad- 
ding to this common velocity thus found the velocity of B. 


II: Ir the bodies are elaſtic, the effect of the elaſticity is 
to be united with this other, as in the former caſes, 


12. WHEN the bodies are perfectly elaſtic, the rule of 
HuyGENs * in this caſe is to prolong CD (fig. 7.) and to 
take in it thus prolonged CE in the ſame proportion to ED, 
as the greater velocity of A bears to the leſſer velocity of B; 
after which EG being taken equal to FE, the velocities of the 
two bodies after the ſtroke will be determined, as in the two 
preceding caſes. 


13. Thus I have given the ſum of what has been writ- 
ten concerning the effects of percuſſion, when two bodies 
freely in motion ſtrike directly againſt each other; and the 
reſults here ſet down, as the conſequence of our reaſoning 


2 In the place above-cited. 
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from the laws of motion, anſwer moſt exactly to experience. 
A particular ſet of experiments has been invented to make 
trial of theſe effects of percuſſion with the greateſt exactneſs. 
But I muſt defer theſe experiments, till T have explained the 
nature of pendulums *. I ſhall therefore now proceed to de- 
ſcribe ſome of the appearances, which are cauſed in bodies 
from the influence of the power of gravity united with the 
general laws of motion; among which the motion of the 


pendulum will be included. 


14. THE moſt {imple of theſe appearances is, when bo- 
dies fall down merely by their weight. In this caſe the body 
increaſes continually its velocity, during the whole time of its 
fall, and that in the very ſame proportion as the time increaſ- 
es. For the power of gravity acts conſtantly on the body with 
the fame degree of ſtrength: and it has been obſerved above 
in the firſt law of motion, that a body being once in motion 
will perpetually preſerve that motion without the continuance. 
of any external influence upon it: therefore, after a body has 
been once put in motion by the force of gravity, the body 
would continue that motion, though the power of gravity 
ſhould ceaſe to act any farther upon it; but, if the power of 
gravity continues ſtill to draw the body down, freſh degrees 
of motion muſt continually be added to the body ; and the 
power of gravity acting at all times with the fame ſtrength, 
equal degrees of motion will conſtantly be added in 2 
portions of time. 


| » Theſe experiments are deſcribed in $ 73. 
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15. TAHISõ concluſion is not indeed abſolutely true: for we 
ſhall find hereafter *, that the power of gravity is not of the 
ſame ſtrength at all diſtances from the center of the earth. But 
nothing of this is in the leaſt ſenſible in any diſtance, to which 
we can convey bodies. The weight of bodies is the very ſame 
to ſenſe upon the higheſt towers or mountains, as upon the 
level ground; ſo that in all the obſervations we can make, 
the forementioned proportion between the velocity of a fall- 
ing body and the time, in which it has been deſcending, ob- 
tains without any the leaſt perceptible difference. 


16. From hence it follows, that the ſpace, through which 
a body falls, is not proportional to the time of the fall ; for 
ſince the body iricreaſes its velocity, a greater ſpace will be 
paſſed over in the ſame portion of time at the latter part of the 
fall, than at the beginning. Suppoſe a body let fall from the 
point A (in fig. 8.) were to deſcend from A to B in any por- 
tion of time; then if in an equal portion of time it were to 
proceed from B to C; I ſay, the ſpace BC is greater than AB; 
ſo that the time of the fall from A to C being double the time 
of the fall from A to B, AC ſhall be more than double of AB. 


17. Tus geometers have proved, that the { paces, through 
which bodies fall thus by their weight, are juſt in a duplicate 
or two-fold proportion of the times, in which the body has 
been falling. That is, if we were to take the line DE in the 
ſame proportion to AB, as the time, which the body has im- 
ployed in falling from A to C, bears to the time of the fall 
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from A to B; then AC will be to DE in the ſame proportion. 
In particular, if the time of the fall through A C be twice the 
time of the fall through AB; then DE will be twice AB, and 
AC twice DE; or AC four times AB. But if the time of the 
fall through A C had been thrice the time of the fall through 
AB; DE would have been treble of AB, and AC treble of 
DE; that is, AC would have been equal to nine times A B. 


18. Ir a body fall obliquely, it will approach the ground 
by {lower degrees, than when it falls perpendicularly. Sup- 
poſe two lines AB, AC (in fig. 9.) were drawn, one perpen- 
dicular, and the other oblique to the ground DE: then if a 
body were to deſcend in the ſlanting line AC; becauſe the 
power of gravity draws the body directly downwards, if the 
line AC ſupports the body from falling in that manner, it 
muſt take off part of the effect of the power of gravity; ſo 
that in the time, which would have been ſufficient for the 
body to have fallen through the whole perpendicular line A B, 
the body ſhall not have paſſed in the line AC a length equal 
to AB; conſequently the line AC being longer than AB, 
the body ſhall moſt certainly take up more time in paſſing 


through AC, than it would have done in falling perpendicu- 
larly down through AB. 


19. THz geometers demonſtrate, that the time, in which 
the body will deſcend through the oblique ſtraight line A C, 
bears the ſame proportion to the time of its deſcent through 
the perpendicular AB, as the line it ſelf AC bears to AB. 
And in reſpect to the velocity, which the body will have ac- 
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quired in the point C, they likewiſe prove, that the length of 
the time imployed in the deſcent through A C ſo compenſates 
the diminution of the influence of gravity from the obliquity 
of this line, that though the force of the power of gravity on 
the body is oppoſed by the obliquity of the line AC, yet the 
time of the body's deſcent ſhall be ſo much prolonged, that 
the body ſhall acquire the very fame velocity in the point C, 
as it would have got at the point B by falling perpendicularly 
down. 


20. Ir a body were to deſcend in a crooked line, the time 
of its deſcent cannot be determined in ſo {imple a manner; 
but the ſame property, in relation to the velocity, is demon- 
ſtrated to take place in all caſes: that is, in whatever line the 
body deſcends, the velocity will always be anſwerable to the 
perpendicular height, from which the body has fell. For in- 
ſtance, ſuppoſe the body A (in fig. 10.) were hung by a 
ſtring to the pin B. If this body were let fall, till it came to 
the point C perpendicularly under B, it will have moved from 
A to C in the arch of a circle. Then the horizontal line AD 
being drawn, the velocity of the body in C will be the fame, 

as if it had fallen from the point D directly down to C. 


21. Ir a body be thrown perpendicularly upward with a- 
ny force, the velocity, wherewith the body aſcends, ſhall 
continually diminiſh, till at length it be wholly taken away; 
and from that time the body will begin to fall down again, 
and paſs over a ſecond time in its deſcent the line, wherein it 
aſcended; falling through this line with an increaſing veloci- 
ty in ſuch a manner, that in every point thereof, through 

OS which 


CHAp. II. PHILOSOPHY. 59 


which it falls, it ſhall have the very ſame velocity, as it had in 
the ſame place, when it aſcended ; and conſequently ſhall come 
down into the place, whence it firſt aſcended, with the veloci- 
ty which was at firſt given to it. Thus if a body were thrown 
perpendicularly up in the line AB (in fig. 11.) with ſuch a 
force, as that it ſhould ſtop at the point B, and there begin 
to fall again; when it ſhall have arrived in its deſcent to any 
point as C in this line, it ſhall there have the ſame velocity, 
as that wherewith it paſſed by this point C in its aſcent ; and 
at the point A it ſhall have gained as great a velocity, as 
that wherewith it was firſt thrown upwards. As this is de- 
monſtrated by the geometrical writers; fo, I think, it will 
appear evident, by conſidering only, that while the body de- 
ſcends, the power of gravity muſt act over again, in an invert- 
ed order, all the influence it had on the body in its aſcent ; 
ſo as to give again to the body the ſame degrees of velocity, 
which it had taken away before. 


22. AFTER the ſame manner, if the body were thrown 
upwards in the oblique ſtraight line CA (in fig. 9.) from the 
point C, with ſuch a degree of velocity as juſt to reach the 
point A; it ſhall by its own weight return again through the 
line AC by the ſame degrees, as it aſcended. 


22. AND laſtly, if a body were thrown with any velocity 
in a line continually incurvated upwards, the like effect will 
be produced upon its return to the point, whence it was 
thrown. Suppoſe for inſtance, the body A (in fig. 12.) were 
hung by a ftring AB. Then it this body be impelled any 

| 1 way, 
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way, it muſt move in the arch of a circle. Let it receive ſuch 
an impulſe, as ſhall cauſe it to move in the arch AC; and let 
this impulſe be of ſuch ſtrength, that the body may be car- 
ried from A as far as D, before its motion is overcome by its 
weight: I fay here, that the body forthwith returning from 
D, ſhall come again into the point A with the fame velocity, 
as that wherewith it began to move. 


24. IT will be proper in this place to obſerve concerning 
the power of gravity, that its force upon any body does not 
at all depend upon the ſhape of the body ; but that it conti- 
nues conſtantly the ſame without any variation in the ſame 
body, whatever change be made in the figure of the body: and 
if the body be divided into any number of pieces, all thoſe 
pieces ſhall weigh juſt the ſame, as they did, when united 
together in one body : and if the body be of a uniform con- 
texture, the weight of each piece will be proportional to its 
bulk. This has given reaſon to conclude, that the power of 
gravity acts upon bodies in proportion to the quantity of mat- 
ter in them. Whence it ſhould follow, that all bodies muſt 
fall from equal heights in the ſame ſpace of time. And as 
we evidently ſee the contrary in feathers and ſuch like ſub- 
ſtances, which fall very ſlowly in compariſon of more ſolid 
bodies; it is reaſonable to ſuppoſe, that fome other cauſe con- 
curs to make ſo manifeſt a difference. This cauſe has been 
found by particular experiments to be the air. The experi- 
ments for this purpoſe are made thus. They ſet up a very 
tall hollow glaſs; within which near the top they lodge a fea- 
ther and ſome very ponderous body, uſually a piece of gold, 


this 
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this metal being the moſt weighty of any body known to us. 
This glaſs they empty of the air contained within it, and by 
moving a wire, which paſſes through the top of the glaſs, they 
let the feather and the heavy body fall together; and it is al- 
ways found, that as the two bodies begin to deſcend at the 
ſame time, ſo they accompany each other in the fall, and 
come to the bottom at the very ſame inſtant, as near as the eye 
can judge. Thus, as far as this experiment can be depended 
on, it is certain, that the effect of the power of gravity upon 
each body is proportional to the quantity of ſolid matter, or to 
the power of inactivity in each body. For in the limited 
ſenſe, which we have given above to the word motion, it has 
been ſhewn, that the ſame force gives to all bodies the ſame 
degree of motion, and different forces communicate different 
degrees of motion proportional to the reſpective powers. In 
this caſe, if the power of gravity were to act equally upon the 
feather, and upon the more ſolid body, the ſolid body would 
deſcend ſo much {lower than the feather, as to have no great- 
er degree of motion than the feather: but as both bodies de- 
ſcend with equal ſwiftneſs, the degree of motion in the ſolid 
body i is greater than in the feather, bearing the ſame propor- 
tion to it, as the quantity of matter in the ſolid body to the 
quantity of matter in the feather. Therefore the effect of 
gravity on the ſolid body is greater than on the feather, in pro- 
portion to the greater degree of motion communicated ; that 
is, the effect of the power of gravity on the ſolid body bears 
the ſame proportion to its effect on the feather, as the quanti- 


» Chap. I. $ 25, 26, 27, compared with 5 15, &c. 
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ty of matter in the ſolid body bears to the quantity of matter 
in the feather. Thus it is the proper deduction from this expe- 
riment, that the power of gravity acts not on the ſurface of bo- 
dies only, but penetrates the bodies themſelves moſt intimately, 
and operates alike on every particle of matter in them. But 
as the great quickneſs, with which the bodies fall, leaves it 
ſomething uncertain, whether they do deſcend abſolutely in 
the ſame time, or only ſo nearly together, that the difference 
in their ſwift motion is not diſcernable to the eye; this pro- 
perty of the power of gravity, which has here been deduced 
from this experiment, is farther confirmed by pendulums, 
whoſe motion is ſuch, that a very minute difference would 
become ſufficiently ſenſible. This will be farther diſcourſed 
on in another place * ; but here I ſhall make uſe of the prin- 
ciple now laid down to explain the nature of what is called 
the center of gravity in bodies. 


25. TE center of gravity is that point, by which if a 
body be ſuſpended, it ſhall hang at reſt in any ſituation. In 
a globe of a uniform texture the center of gravity is the ſame 
with the center of the globe; for as the parts of the globe on 
every fide of its center are ſimilarly diſpoſed, and the power 
of gravity acts alike on every part; it is evident, that the parts 
of the globe on each {ide of the center are drawn with equal 
force, and therefore neither {ide can yield to the other; but 
the globe, if ſupported at its center, muſt of neceſſity hang 
at reſt, In like manner, if two equal bodies A and B (in 
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fig. 13.) 
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fig. T3.) be hung at the extremities of an inflexible rod CD, 
which ſhould have no weight ; theſe bodies, if the rod be 
ſupported at its middle E, ſhall equiponderate ; and the rod 
remain without motion. For the bodies being equal and at 
the ſame diſtance from the point of ſupport E, the power of 
gravity will act upon each with equal ſtrength, and in all re- 
ſpects under the ſame circumſtances; therefore the weight of 
one cannot overcome the weight of the other. The weight 
of A can no more ſurmount the weight of B, than the weight 
of B can ſurmount the weight of A. Again, ſuppoſe a bo- 
dy as AB (in fig. 14.) of a uniform texture in the form of a 
roller, or as it is more uſually called a cylinder, lying hori- 
zontally. If a ſtraight line be drawn between C and P, the 
centers of the extreme circles of this cylinder; and if this 
ſtraight line, commonly called the axis of the cylinder, be 
divided into two equal parts in E : this point E will be the 
center of gravity of the cylinder. The cylinder being a uni- 
form figure, the parts on each fide the point E are equal, and 
ſituated in a perfectly ſimilar manner; therefore this cylin- 
der, if ſupported at the point E, muſt hang at reſt, for the 
fame reaſon as the inflexible rod above-mentioned will remain 
without motion, when ſuſpended at its middle point. And 
it is evident, that the force applied to the point E, which 
would uphold the cylinder, muſt be equal to the cylinder's 
weight. Now ſuppoſe two cylinders of equal thickneſs AB 
and CD to be joined together at C B, fo that the two axis's 
EF, and FG lie in one ſtraight line. Let the axis EF be di- 
vided into two equal parts at H, and the axis FG into two 


equal. 
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cqual parts at I. Then becauſe the cylinder AB would be 
upheld at reſt by a power applied in H equal to the weight of 
this cylinder, and the cylinder CD would likewiſe be upheld 
by a power applied in I equal to the weight of this cylinder ; 
the whole cylinder A D will be ſupported by theſe two powers : 
but the whole cylinder may likewiſe be ſupported by a power 
applied to K, the middle point of the whole axis EG, provided 
that power be equal to the weight of the whole cylinder. It 
is evident therefore, that this power applied in K will produce 
the ſame effect, as the two other powers applied in Hand I. It 
is farther to be obſerved, that HK is equal to half FG, and 
KI equal to half EF; for EK being equal to half EG, and EH 
equal to half EF, the remainder HK muſt be equal to half 
the remainder FG; fo likewiſe GK being equal to half G E, 
and GI equal to half G E, the remainder IK muſt be equal to 
half the remainder EF. It follows therefore, that HK bears 
the ſame proportion to KI, as FG bears to EF. Beſides, I 
believe, my readers will perceive, and it is demonſtrated in 
form by the geometers, that the whole body of the cylinder 
CD bears the ſame proportion to the whole body of the cy- 
linder AB, as the axis FG bears to the axis EF. But hence 
it follows, that in the two powers applied at H and I, the 
power applied at H bears the ſame proportion to the power 
applied at I, as KI bears to KH. Now ſuppoſe two ſtrings 
HLand I'M extended upwards, one from the point H and the 
other from 1, and to be laid hold on by two powers, one 
ſtrong enough to hold up the cylinder AB, and the other of 


See Euclid's Elements, Bcok XII. prop. 13; 
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ſtrength ſufficient to ſupport the cylinder CD. Here as theſe 
two powers uphold the whole cylinder, and therefore pro- 
duce an effect, equal to what would have been produced by 
a power applied to the point K of ſufficient force to ſuſtain the - 
whole cylinder : it is manifeſt, that if the cylinder be taken 
away, the axis only being left, and from the point K a ſtring, 
as KN, be extended, which ſhall be drawn down by a power 
equivalent to the weight of the cylinder, this power ſhall a& 
againſt the other two powers, as much as the cylinder acted 
againſt them; and conſequently theſe three powers ſhall be 
upon a balance, and hold the axis HI fixed between them. 
But if theſe three powers preſerve a mutual balance, the 
two powers applied to the ſtrings HL and IM are a balance 
to each other; the power applied to the ſtring HL bearing 


the fame proportion to the power applied to the ſtring 1M, 
as the diſtance IK bears to the diſtance KH. Hence it far- 


ther appears, that if an inflexible rod AB (in fig. 15.) be 
ſuſpended by any point C not in the middle thereof; and if 
at A the end of the ſhorter arm be hung a weight, and at B 
the end of the longer arm be alſo hung a weight leſs than 
the other, and that the greater of theſe weights bears to the 
leſſer the ſame proportion, as the longer arm of the rod bears 
to the ſhorter; then theſe two weights will equiponderate : 
for a power applied at C equal to both theſe weights will ſup- 
port without motion the rod thus charged; ſince here no- 
thing is changed from the preceding caſe but the ſitua- 
tion of the powers, which are now placed on the contra- 


ry ſides of the line, to which they are fixed. Alſo for the 
K ſame 
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fame reaſon, if two weights A and B (in fig. 16.) were con- 
nected together by an inflexible rod CD, drawn from C the 
center of gravity of A to D the center of gravity of B; and 
if the rod CD were to be ſo divided in E, that the part DE 
bear the ſame proportion to the other part CE, as the weight 
A bears to the weight B : then this rod being ſupported at E 
will uphold the weights, and keep them at reſt without mo- 
tion. This point E, by which the two bodies A and B will be 
fupported, is called their common center of gravity. And if 
a greater number of bodies were joined together, the point, by 
which they could all be ſupported, is called the common center 
of gravity of them all. Suppoſe (in fig. 17.) there were three 
bodies A, B, C, whoſe reſpective centers of gravity were joined 
by the three lines DE, DF, EF: the line D E being ſo divided 
in G, that DG bear the ſame proportion to GE, as B bears to 
A; Gis the center of gravity common to the two bodies A 
and B; that is, a power equal to the weight of both the bo- 
dies applied to G would ſupport them, and the point G is 
preſſed as much by the two weights A and B, as it would be, 
if they were both hung together at that point. Therefore, 
if a line be drawn from G to E, and divided in , fo that G H 
bear the ſame proportion to HF, as the weight C bears to 
both the weights A and B, the point H will be the common 
center of gravity of all the three weights; for H would be 
their common center of gravity, if both the weights A and B. 
were hung together at G, and the point G is preſſed as much 
by them in their preſent ſituation, as it would be in that caſe. 
In the ſame manner from the common center of theſe three 


weights, 
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weights, you might proceed to find the common center, if a 
fourth weight were added, and by a gradual progreſs might 
find the common center of gravity belonging to any number 
of weights whatever. 


26. As all this is the obvious conſequence of the propoſi- 
tion laid down for aſſigning the common center of gravity of 
any two weights, by the ſame propoſition the center of gra- 
vity of all figures is found. In a triangle, as A B C (in 
fig. 18.) the center of gravity lies in the line drawn from the 
middle point of any one of the ſides to the oppoſite angle, 
as the line B D is drawn from D the middle of the line A C to 
the oppoſite angle B * ; fo that if from the middle of either 
of the other ſides, as from the point E in the fide AB, a line 
be drawn, as EC, to the oppoſite angle; the point F, where 
this line croſſes the other line BD, will be the center of gra- 
vity of the triangle*. Likewiſe DF is equal to half E B, and 
EF equal to half FC.. In a hemiſphere, as ABC (fig. 19.) 
if from D the center of the baſe the line DB be erected per- 
pendicular to that baſe, and this line be ſo divided in E, that 
DE be equal to three fifths of BE, the point E is the center of 
gravity of the hemiſphere ©. 


27. IT will be of uſe to obſerve concerning the center of 
gravity of bodies; that ſince a power applied to this center 
alone can ſupport a body againſt the power of gravity, and 
2 Archimed. de zquipond. Prop. 11. 


rop. 2. 

b Ibid. prop. 12. EE Idem L. II. prop. 2. | 

© Lucas Valerius De centr. gravit. ſolid. L. I. 

" 3 hold 
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hold it fixed at reſt; the effect of the power of gravity on a 
body is the ſame, as if that whole power were to exert itſelf 
on the center of gravity only. Whence it follows, that, when 
the power of gravity acts on a body ſuſpended by any point, 
if the body is ſo ſuſpended, that the center of gravity of the 
body can deſcend; the power of gravity will give motion to 
that body, otherwiſe not: or if a number of bodies are ſo 
connected together, that, when any one is put into motion, 
the reſt ſhall, by the manner of their being joined, receive 
fuch motion, as ſhall keep their common center of gravity at 
reſt ; then the power of gravity ſhall not be able to produce 
any motion in theſe bodies, but in all other caſes it will. 
Thus, if the body AB (infig. 20,21.) whoſe center of gra- 
vity is C, be hung on the point A, and the center C be per- 
pendicularly under A (as in fig. 20.) the weight of the bo- 
dy will hold it ſtill without motion, becauſe the center C 
cannot deſcend any lower. But if the body be removed in- 
to any other ſituation, where the center C is not perpendi- 
cularly under A (as in fig. 21.) the body by its weight will 
be put into motion towards the perpendicular ſituation of its 
center of gravity. Alſo if two bodies A, B (in fig. 22.) be 
Joined together by the rod CD lying in an horizontal fitua- 
tion, and be ſupported at the point E; if this point be the 
center of gravity common to the two bodies, their weight 
will not put them into motion; but if this point E is not their 
common center of gravity, the bodies will move ; that part 
of the rod CD. deſcending, in which the common center of 
gravity is found; So in like manner, if theſe two bodies were 
connected together by: any more complex. contrivance ; yet 
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if one of the bodies cannot move without ſo moving the 
other, that their common center of gravity ſhall reſt, the 


weight of the bodies will not put them in motion, otherwiſe 
it will. 


28. IS HAL L proceed in the next place to ſpeak of the me- 
chanical powers. Theſe are certain inſtruments or machines, 
contrived for the moving great weights with ſmall force; and 
their effects are all deducible from the obſervation we have 
juſt been making. They are uſually reckoned in number 
five; the lever, the wheel and axis, the pulley, the wedge, 
and the ſcrew; to which ſome add the inclined plane. As 
theſe inſtruments have been of very ancient uſe, ſo the cele- 
brated AR c HIME DES ſeems to have been the firſt, who diſ- 
covered the true reaſon of their effects. This, I think, may be 
collected from what is related of him, that ſome expreſſions, 
which he uſed to denote the unlimited force of theſe in- 
ſtruments, were received as very extraordinary paradoxes: 
whereas to thoſe, who had underſtood the cauſe of their 
great force, no expreſſions of that kind could have appeared 
ſurprizing. 


29. ALL the effects of theſe powers may be judged of by 
this one rule, that, when two weights are applied to any of 
theſe inſtruments, the weights will equiponderate, if, when 
put into motion, their velocities will be reciprocally propor- 
tional to their reſpective weights. And what is ſaid of weights, 
muſt of neceſſity be equally underſtood of any other forces 


equi- 
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equivalent to weights, ſuch as the force of a man's arm, a 
ſtream of water, or the like. 


30. Bur to comprehend the meaning of this rule, the 
reader muſt know, what is to be underſtood by reciprocal 
proportion; which I ſhall now endeavour to explain, as di- 
ſtinctly as I can ; for I ſhall be obliged very frequently to 
make uſe of this term. When any two things are ſo related, 
that one increaſes in the ſame proportion as the other, they are 
directly proportional. So if any number of men can perform 
in a determined ſpace of time a certain quantity of any work, 
ſuppoſe drain a fiſh-pond, or the like; and twice the num- 
ber of men can perform twice the quantity of the ſame work, 
in the ſame time; and three times the number of men can 
perform as ſoon thrice the work; here the number of men 
and the quantity of the work are directly proportional. On 
the other hand, when two things are ſo related, that one de- 
creaſes in the ſame proportion, as the other increaſes, they 
are ſaid to be reciprocally proportional. Thus if twice the 
number of men can perform the ſame work in half the time, 
and three times the number of men can finiſh the ſame in a 
third part of the time; then the number of men and the 
time are reciprocally — We ſhewed above * how 
to find the common center of gravity of two bodies, there 
the diſtances of that common center from the centers of gra- 
vity of the two bodies are reciprocally proportional to the re- 
ſpective bodies. For CE in fig. 16. being in the fame pro- 


2 f 25. . 


portion 
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portion to ED, as B bears to A; CE is ſo much greater in 
proportion than ED, as A is leſs in proportion than B. 


31. Now this being underſtood, the reaſon of the rule 
here ſtated will eaſily appear. For if theſe two bodies were 
put in motion, while the point E reſted, the velocity, where- 
with A would move, would bear the ſame proportion to the 
velocity, wherewith B would move, as E C bears to ED. The 
velocity therefore of each body, when the common center 
of gravity reſts, is reciprocally proportional to the body. But 
we have ſhewn above, that if two bodies are ſo connected to- 
gether, that the putting them in motion will not move their 
common center of gravity ; the weight of thoſe bodies will 
not produce in them any motion. Theretore in any of theſe 
mechanical engines, if, when the bodies are put into motion, 
their velocities are reciprocally proportional to their reſpective 
weights, whereby the common center of gravity would re- 
main at reſt; the bodies will not receive any motion from their 
weight, that is, they will equiponderate. But this perhaps 
will be yet more clearly conceived by the particular deſcrip- 


tion of each mechanical power. 


22. Taz lever was firſt named above. This is a bar made 
uſe of to ſuſtain and move great weights. The bar is ap- 
plied in one part to ſome ſtrong ſupport ; as the bar AB ( in 
fig. 23, 24.) is applied at the point C to the ſupport D. In 
ſome other part of the bar, as E, is applied the weight to be 
ſuſtained or moved; and in a third place, as E, is applied ano- 
ther weight or equivalent force, which is to ſuſtain or move 

* C 27. the 


72 Sir IS AAc NEWTONSs Book I. 


the weight at E. Now here, if, when the lever ſhould be 
put in motion, and turned upon the point C, the velocity, 
where with the point F would move, bears the fame propor- 
tion to the velocity, wherewith the point E would move, as 
the weight at E bears to the weight or force at F; then the 
lever thus charged will have no propenſity to move either 
way. If the weight or other force at F be not ſo great as to 
bear this proportion, the weight at E will not be ſuſtained ; 
but if the force at F be greater than this, the weight at E will 
be ſurmounted. This is evident from what has been ſaid 
above*, when the forces at E and F are placed (as in fig. 23.) 
on different ſides of the ſupport D. It will appear alſo equal- 
ly manifeſt in the other caſe, by continuing the bar BC in 
fig. 24. on the other {ide of the ſupport D, till CG be equal 
to CF, and by hanging at G a weight equivalent to the power 
at F; for then, if the power at F were removed, the two 
weights at-G and E would counterpoize each other, as in 
the former caſe : and it is evident, that the point F will 
be lifted up by the weight at G with the ſame degree of 
force, as by the other power applied to F; ſince, if the 
weight at E were removed, a weight bang at F equal to 
that at G would balance the lever, the diſtances CG and 
CF being equal. 


33. Ir the two weights, or other powers, applied to the 
lever do not counterbalance each other; a third power may 


be applied in any place propoſed of the lever, which ſhall 


hold 


CHAP. 2. PHILOSOPHY. —- 73 


hold the whole in a juſt counterpoize. Suppoſe (in fig. x.) 
the two powers at E and F did not equiponderate, and it were 
required to apply a third power to the point G, that might be 
ſuthcient to balance the lever. Find what power in F would 
juſt counterbalance the power in E; then if the difference 
between this power and that, which is actually applied at P, 
bear the ſame proportion to the third power to be applied at 
G, as the diſtance CG bears to CF; the lever will be coun- 
terpoized by the help of this third power, if it be ſo applied 
as to act the ſame way with the power in F, when that power 
is too ſmall to counterbalance the power in E ; but other- 
wiſe the power in G muſt be ſo applied, as to act againſt the 
power in F. In like manner, if a lever were charged with three, 
or any greater number of weights or other powers, which did 
not counterpoize each other, another power might be applied 
in any place propoſed, which ſhould bring the whole to a 
Juſt balance. And what is here ſaid concerning a plurality of 
powers, may be equally applied to all the following caſes. 


24. Ir the lever ſhould conſiſt of two arms making an 
angle at the point C (as in fig. 26.) yet if the forces are ap- 
plied perpendicularly to each arm, the ſame proportion will 
hold between the forces applied, and the diſtances of the cen- 
ter, whereon the lever reſts, from the points to which they 
are applied. That is, the weight at E will be to the force in 
E in the fame proportion, as CF bears to CE. 


35. Bur whenever the forces applied to the lever act ob- 


liquely to the arm, to which they are applied (as in fig. 27.) 
L then 
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then the ſtrength of the forces is to be eſtimated by lines let 
fall from the center of the lever to the directions, wherein the 
forces act. To balance the levers in fig. 27, the weight or 
other force at F will bear the ſame proportion to the weight 
at E, as the diſtance C E bears to CG the perpendicular let fall 
from the point C upon the line, which denotes the direction 
wherein the force applied to Facts: for here, if the lever be 
put into motion, the power applied to F will begin to move in 
the direction of the line FG; and therefore its firſt motion will 
be the fame, as the motion of the point G. | 


26. Wu EN two weights hang upon a lever, and the point, 
by which the lever is ſupported, is placed in the middle be- 
tween the two weights, that the arms of the lever are both 
of equal length; then this lever is particularly called a ba- 
lance; and equal weights equiponderate as in common ſcales. 
When the point of ſupport is not equally diſtant from both 
weights, it conſtitutes that inſtrument for weighing, which 
is called a ſteelyard. Though both in common ſcales, and the 
ſteelyard, the point, on which the beam is hung, is not uſu- 
ally placed juſt in the ſame ſtraight line with the points, that 
hold the weights, but rather a little above ( as in fig. 28. ) 
where the lines drawn from the point C, whereon the beam 
is ſuſpended, to the points E and F, on which the weights are 
hung, do not make abſolutely one continued line. If the 
three points E, C, and F were in one ſtraight line, thoſe weights, 
which equiponderated, when the beam hung horizontally, 
would alſo equiponderate in any other ſituation. But we 
ſee in theſe inſtruments, when they are charged with weights, 
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which equiponderate with the beam hanging horizontally; 
that, if the beam be inclined either way, the weight moſt 
elevated ſurmounts the other, and deſcends, cauſing the beam 
to ſwing, till by degrees it recovers its horizontal poſition. 
This effect ariſes from the forementioned ſtructure: for by 
this ſtructure theſe inſtruments are levers compoſed of two 
arms, which make an angle at the point of ſupport (as in 
fig. 29, 30.) the firſt of which repreſents the caſe of the 
common balance, the ſecond the caſe of the ſteelyard. In 
the firſt, where CE and CF are equal, equal weights hung 
at E and F will equiponderate, when the points E and F are 
in an horizontal ſituation. Suppoſe the lines EG and FH to 
be perpendicular to the horizon, then they will denote the di- 
rections, wherein the forces applied to E and Fact. There- 
fore the proportion between the weights at E and F, which 
ſhall equiponderate, are to be judged of by perpendiculars, 


. as CI, CK, let fall from C upon EG and FH : fo that the 


weights being equal, the lines CI, CK, muſt be equal alſo, 
when the weights equiponderate. But I believe my readers 
will eaſily ſee, that ſince CE and CF are equal, the lines 
CI and CK will be equal, when the points E and F are ho- 
rizontally ſituated. 


37. Ir this lever be ſet into any other poſition ( as in 
fig. 3 1.) then the weight, which is raiſed higheſt, will out- 
weigh the other. Here, if the point F be raiſed higher than 
E, the perpendicular CK will be longer than CI: and there- 
fore the weights would equiponderate, if the weight at F 

1 were 


76 Sir ISA Ac NEWTONVS Book I. 


were leſs than the weight at E. But the weight at F is equal 
to that at E; therefore is greater, than is neceſſary to counter- 


balance the weight at E, and conſequently will outweigh it, 
and draw the beam of the lever down. 


38. In like manner in the caſe of the ſteelyard (fig. 3 2.) 
if the weights at E and F are ſo proportioned, as to equipon- 
derate, when the points E and F are horizontally ſituated; 
then in any other ſituation of this lever the weight, which is 
raiſed higheſt, will preponderate. That is, if in the hori- 
zontal ſituation of the points E and F the weight at F bears 
the ſame proportion to the weight at E, as CI bears to CK; 
then, if the point F be raiſed higher than E ( as in fig. 2 2.) 
the weight at F ſhall bear a greater proportion to the weight 
at E, than CI bears to CK, 


39. FARTHER a lever may be hung upon an axis, and 
then the two arms of the lever need not be continuous, but 
fixed to different parts of this axis; as in fig. 23, where 
the axis AB is ſupported by its two extremities A and B. To 
this axis one arm of the lever is fixed at the point C, the other 
at the point D. Now here, if a weight be hung at E, the 
extremity of that arm, which is fixed to the axis at the point 
C; and another weight be hung at FE, the extremity of the 
arm, which is fixed on the axis at D; then theſe weights 
will equiponderate, when the weight at E bears the ſame 
proportion to the weight at F, as the arm DF bears to 
CE 
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40. THis is the caſe, if both the arms are perpendicular 
to the axis, and lie (as the geometers expreſs themſelves ) 
in the ſame plane; or, in other words, if the arms are ſo fix- 
ed perpendicularly upon the axis, that, when one of them 
lies horizontally, the other ſhall alſo be horizontal. If ei- 
ther arm ſtand not perpendicular to the axis; then, in de- 
termining the proportion between the weights, inſtead of the 
length of that arm, you muſt uſe the perpendicular let fall 
upon the axis from the extremity of that arm. If the arms 
are not ſo fixed as to become horizontal, at the ſame time; 
the method of aſſigning the proportion between the weights 
is analogous to that made ufe of above in levers, which make 
an angle at the point, whereon they are ſupported. 


41. FROM this caſe of the lever hung on an axis, it is ea- 


ſy to make a tranſition to another mechanical power, the 
wheel and axis. 


42. THis inſtrument is a wheel fixed on a roller, the 
roller being ſupported at each extremity ſo as to turn 
round freely with the wheel, in the manner repreſented in 
fig. 24, where A B is the wheel, CD the roller, and E F its 
two ſupports. Now ſuppoſe a weight G hung by a cord 
wound round the roller, and another weight H hung by a 
cord w::1nd about the wheel the contrary way: that theſe 
weight- lay ſupport each other, the weight H muſt bear the 
ſame p:5portion to the weight G, as the thickneſs of the rol- 
ler bea: o the diameter of che wheel. | 


43. Surross 
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43. Surross the line x / to be drawn through the mid- 
dle of the roller ; and from the place of the roller, where 
the cord, on which the weight G hangs, begins to leave the 
roller, as at n, let the line nn be drawn perpendicularly to 
k 1; and from the point, where the cord holding the weight 
H begins to leave the wheel, as at o, let the line op be drawn 
perpendicular to 4. This being done, the two lines op 
and nn repreſent two arms of a lever fixed on the axis 4; 
conſequently the weight H will bear to the weight G the . 
proportion, as zu n bears to op. But n bears the fame pro- 
portion to 9p, as the thickneſs of the roller bears to the dia- 
meter of the wheel; for u u is half the thickneſs of the roller, 
and op half the diameter of the wheel. 
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44. Ir the wheel be put into motion, and turned once 
round, that the cord, on which the weight G hangs, be 
wound once more round the axis; then at the ſame time the 
cord, whereon the weight H hangs, will be wound off from 
the wheel one circuit. Therefore the velocity of the weight 
G will bear the ſame proportion to the velocity of the weight 
H, as the circumference of the roller to the circumference of 
the wheel. But the circumference of the roller bears the ſame 
proportion to the circumference of the wheel, as the thick- 
neſs of the roller bears to the diameter of the wheel, conſe- 
quently the velocity of the weight G bears to the velocity 
of the weight H the ſame proportion, as the thickneſs of 
the roller bears to the diameter of the wheel, which is the 
proportion that the weight H bears to the weight G. There- 
fore as before in the lever, ſo here alſo the general rule laid 


down 


CHAP. 2. PHILOSOPHY. 79 


down above is verified, that the weights equiponderate, when 
their velocities would be reciprocally proportional to their 
reſpective weights. 


4.5. IN like manner, if on the ſame axis two wheels of dif- 
ferent ſizes are fixed (as in fig. 35.) and a weight hung on 
each; the weights will equiponderate, if the weight hung on 
the greater wheel bear the ſame proportion to the weight hung 
on the leſſer, as the diameter of the leſſer wheel bears to the 
diameter of-the greater. 


46. Ir is uſual to join many wheels together in the ſame 
frame, which by the means of certain teeth, formed in the cir- 
cumference of each wheel, ſhall communicate motion to each 
other. A machine of this nature is repreſented in fig. 36. Here 
ABCis a winch, upon which is fixed a ſmall wheel D indent- 
ed with teeth, which move in the like teeth of a larger wheel 
EF fixed on the axis GH. Let this axis carry another wheel 
I, which ſhall move in like manner a greater wheel KL fixed 
on the axis MN. Let this axis carry ancther ſmall wheel O, 
which after the ſame manner ſhall turn about a larger wheel 
PQ fixed on the roller RS, on which a cord ſhall be wound, 


that holds a weight, as T. Now the proportion required be- 


tween the weight T and a power applied to the winch at A 
ſufficient to ſupport the weight, will moſt eaſily be eſtimated, 
by computing the proportion, which-the velocity of the point 
A would bear to the velocity of the weight. It the winch be 
turned round, the point A will deſcribe a circle as AV. Sup- 


.poſe the wheel EF to have ten times the number of teeth, as 


the 
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the wheel D; then the winch muſt tur Hund ten times to 
carry the wheel EF once round. If the + KL has alſo ten 
times the number of teeth, as , the wi.. 1 1 muſt turn round 
ten times to carry the wheel KL once round; and conſe- 
quently the winch ABC muſt turn round an hundred times 
to turn the wheel KL once round. Laſtly, if the wheel PQ 
has ten times the number of teeth, as the wheel O, the winch 
muſt turn about one thouſand times in order to turn the wheel 
PQ, or the roller RS once round. Therefore here the Point 
A muſt have gone over the circle A V a thouſand times, in or- 
der to lift the weight T through a ſpace equal to the circum- 
ference of the roller RS: whence it follows, that the power 
applied at A will balance the weight T, if it bear the ſame 
proportion to it, as the circumference of the roller to one 
thouſand times the circle AV; or the ſame proportion as half 
the Waker of the roller bears to one thouſand times AB. 


47. I SHALL now explain the effect of the pulley. Let 
: weight hang by a pulley, as in fig. 37. Here it is evi- 
dent, that the power A, by which the weight B is ſupported, 

muſt be equal to the weight; for the cord CD is equally 
ſtrained between them; and if the weight B move, the power 
A muſt move with qual velocity. The pulley E has no other 
effect, than to permit the power A to act in another direction, 
than it muſt have done, if it had been directly applied to ſupport 


the weight without the intervention of any ſuch inſtrument. 


48. AGAIN, let a weight be ſupported, as in fig. 38; 
where the weight A is fixed to the . B, and the cord, by 
which 
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which the weight is upheld, is annexed by one extremity to a 
hook C, and at the other end is held by the power D. Here 
the weight is ſupported by a cord doubled; inſomuch that 
although the cord were not ſtrong enough to hold the weight 
ſingle, yet being thus doubled it might ſupport it. If the 
end of the cord held by the power D were hung on the hook 
C, as well as the other end; then, when both ends of the cord 
were tied to the hook, it is evident, that the hook would 
bear the whole weight; and each end of the ſtring would 
bear againſt the hook with the force of half the weight only, 
ſeeing both ends together bear with the force of the whole. 
Hence it is evident, that, when the power D holds one end of 
the weight, the force, which it muſt exert to ſupport the 
weight, muſt be equal to juſt half the weight. And the ſame 
proportion between the weight and power might be collect- 
ed from comparing the reſpective velocities, with which they 
would move ; for it is evident, that the power muſt move 
through a ſpace equal to twice the diſtance of the pulley from 
the hook, in order to lift the pulley up to the hook. 


49. Ir is equally eaſy to eſtimate the effect, when many 
pulleys are combined together, as in fig. 39, 4.0; in the firſt 
of which the under ſet of pulleys, and conſequently the 
weight is held by fix ſtrings; and in the latter figure by five: 
therefore in the firſt of theſe figures the power to ſupport the 
weight, muſt be one ſixth part only of the weight, and in 
the latter figure the power muſt be one fifth part. 
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yo. Trurxs are two other ways of ſupporting a weight 
by pulleys, which I ſhall particularly conſider. 


51. ONE of theſe ways is repreſented in fig. 4.1. Here the 
weight being connected to the pulley B, a power equal to 
half the weight A would ſupport the pulley C, if applied im- 
mediately. to it. Therefore the pulley C is drawn down 
with a force equal to half the weight A. But if the pulley D 
were to be immediately ſupported by half the force, with 
which the pulley C is drawn down, this pulley D will uphold. 
the pulley C; fo that if the pulley D be upheld with a force 
equal to one fourth part of the weight A, that force will ſup- 
port the weight. But, for the ſame reaſon as before, if the 
power in E be equal to half the force neceſſary to uphold the 
pulley D; this pulley, and conſequently the weight A, will 
be upheld : therefore, if the power in E be one eighth part 
of the weight A, it will ſupport the weight. 


$2. ANOTHER way of applying pulleys to a weight is 
repreſented in fig. 42. To explain the effect of pulleys thus 
applied, it will be proper to conſider different weights hang- 
ing, as in fig.4.3. Here, if the power and weights balance each 
other, the power A is equal to the weight B; the weight C is 
equal to twice the power A, or the weight B; and for the ſame 
_ reaſon the weight D is equal to twice the weight C, or equal 
to four times the power A. It is evident therefore, that all 
te three weights B, C, D together are equal to ſeven times the 
power A. But if theſe three weights were joined in one, they 
would produce the caſe of fig. 4.0 : ſo that in that figure the 


weight 
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weight A, where there are three pulleys, is ſeven times the 
power B. If there had been but two pulleys, the weight would 
have been three times the power; and if there had ben four 


ory the _— would have been fifteen times the power. 


53. Tas wedge is next to be b The form of 
this inſtrument is ſufficiently known. When it is put under 
any weight (as in fig. 44.) the force, with which the wedge 
will lift the weight, when drove under it by a blow upon the 
end AB, will bear the ſame proportion to the force, where- 
with the blow would act on the weight, if directly applied to 
it; as the velocity, which the wedge receives from the blow, 
bears to the velocity, wherewith the weight is lifted by the 
wedge. 


54. Tux ſcrew is the fifth mechanical power. There are 
two ways of applying this inſtrument. Sometimes it is ſcrewed 
into a hole, as in fig. 45, where the ſcrew AB is ſcrewed 
through the plank CD. Sometimes the ſcrew is applied to 
the teeth of a wheel, as in fig. 46, where the thred of the 
ſcrew AB turns in the teeth of a wheel CD. In both theſe 
caſes, if a bar, as A E, be fixed to the end A of the ſcrew; the 
farce, wherewith the end B of the ſcrew in fig. 45 is 
forced down, and the force, wherewith the teeth of the 
wheel CD in fig. 4.4 are held, bears the ſame proportion 
to the power applied to the end E of the bar; as the velocity, 
wherewith the end E will move, when the ſcrew is turned, 
bears to the velocity, wherewith the end B of the ſcrew in fig. 
43) or the teeth of the wheel CD in fig. 4.6, will be moved. 
X 2 | Fs. THe 
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55. Tur inclined plane affords alſo a means of raiſing 
a weight with leſs force, than what is equal to the weight it 
ſelf. Suppoſe it were required to raiſe the globe A (in fig. 
47.) from the ground BC up to the point, whoſe perpendi- 
cular height from the ground is ED. If this globe be drawn 
along the ſlant DF, leſs force will be required to raile it, than 
if it were lifted directly up. Here if the force applied to the 
globe bear the ſame proportion only to its weight, as E bears 
to FD, it will be ſufficient to hold up the globe; and there- 
fore any addition to that force will put it in motion, and draw 
it up; unleſs the globe, by preſſing againſt the plane, where- 
on it lies, adhere in ſome degree to the plane. This indeed 
it muſt always do more or leſs, fince no plane can be made fo 
abſolutely ſmooth as to have no inequalities at all; nor yet fo 
infinitely hard, as not to yield in the leaſt to the preſſure of the 
weight. Therefore the globe cannot be laid on ſuch a plane, 
whereon it will {lide with perfe& freedom, but they muſt in 
ſome meaſure rub againſt each other; and this friction will 
make it neceſſary to imploy a certain degree of force more, 
than what is neceſſary to ſupport the globe, in order to give 
it any motion. But as all the mechanical powers are ſubject 
in ſome degree or other to the like impediment from friction; 
I ſhall here only ſhew what force would be neceſſary to Ig 
Kain the globe, if it could lie upon the plane without cauſ- 
ing any friction at all. And I fay, that if the globe were 
drawn by the cord GH, lying parallel to the plane DF; and 
the force, wherewith the cord is pulled, bear the ſame 
proportion to the weight of the globe, as ED bears to DF; 
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chis force will ſuſtain the globe. In order to the making 
proof of this, let the cord GH be continued on, and turned 

over the pulley I, and let the weight K be hung to it. 
Now I fay, if this weight bears the fame proportion to 
the globe A, as DE bears to DF, the weight will ſupport 
the globe. I think it is very manifeſt, that the center of the 
globe A will lie in one continued line with the cord H G. Let 
L be the center of the/globe, - and M the center of gravity of 
the weight K. In the firſt place let the weight hang fo, that 
a line drawn from L to M ſhall lie horizontally; and I fay, 
if the globe be moved either up or down the plane DF, the 
weight will ſo. move along with it, that the center of gravity 
common to both the weights ſhall continue in this line LM, 
and therefore ſhall in no caſe deſcend. To prove this more 
fully, I ſhall depart a little from the method of this treatiſe, 
and make uſe of a mathematical propoſition or two: but they 
are ſuch, as any perſon, who has read Eucr 1s ELEMENTS, 
will fully comprehend; and are in themſelves ſo evident, that, 
I believe, my readers, who are wholly ſtrangers to geometri- 
cal writings, will make no difficulty of admitting them. This 
being premiſed, let the globe be moved up, till its center be 
at G, then will M the center of gravity of the weight K be 
funk to N; ſo that MN ſhall be equal to GL. Draw NG 
croſſing the line ML in O; then I ſay, that O is the common 
_ center of gravity of the two weights in this their new ſitua- 
tion. Let GPbe drawn perpendicular to ML;, then GL will 
bear the ſame proportion to GP, as DF bears to D E; and 
MN being equal to GL, MN will bear the {ame proportion. 
| "Aj 
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to GP, as DF bears to DE. But N O bears the ſame propor- 
tion to OG, as MN bears to GP; conſequently N O will bear 
the fame proportion to OG, as DF bears to DE. In the laſt 
place, the weight of the globe A bears the fame proportion to 
the other weight K, as DF bears to DE; therefore N O bears 
the ſame proportion to OG, as the weight of the globe A bears 
to the weight K. Whence it follows, that, when the center 
of the globe A is in G, and the center of gravity of the weight 
K is in N, O will be the center of gravity common to both 
the weights. After the ſame manner, if the globe had been 
cauſed to deſcend, the common center of gravity would have 
been found in this line ML. Since therefore no motion of 
the globe either way will make the common center of gravity 
deſcend, it is manifeſt, from what has been ſaid above, that 
the weights A and K counterpoize each other. 


$6. I sHALL now conſider the caſe of pendulums. A 
pendulum is made by hanging a weight to a line, fo that it 
may {wing backwards and forwards. This motion the geo- 
meters have very carefully conſidered, becauſe it is the moſt 
commodious inſtrument of any for the exact meaſurement of 
tune. 


$7. I Have obſerved already *, that if a body hanging 
perpendicularly by a ſtring, as the body A (in fig. 48.) hangs 
by the ſtring AB, be put ſo into motion, as to be made to a- 
ſcend up the circular arch AC; then as ſoon as it has arrived 


523. 
at 
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at the higheſt point, to which the motion, that the body has 
received, will carry it; it will immediately begin to deſcend, 
and at A will receive again as great a degree of motion, as it 
had at firſt. This motion therefore will carry the body up 
the arch AD, as high as it aſcended before in the arch AC. 
Conſequently in its return through the arch DA it will acquire 
again at A its original velocity, and advance a ſecond time up 
the arch AC as high as at firſt; by this means continuing with- 
out end its reciprocal motion. It is true indeed, that in fact 
every pendulum, which we can put in motion, will gradual- 
ly leſſen its ſwing, and at length ſtop, unleſs there be ſome 
power conſtantly applied to it, whereby its motion ſhall be 
renewed ; but this ariſes from the reſiſtance, which the body 
meets with both from the air, and the ſtring by which it is 
hung: for as the air will give ſome obſtruction to the progreſs 
of the body moving through it; ſo alſo the ſtring, whereon 
the body hangs, will be a farther impediment; for this ſtring 
mult either ſlide on the pin, whereon it hangs, or it muſt bend 
to the motion of the weight; in the firſt there muſt be ſome 
degree of friction, and in the latter the ſtring will make ſome 
reſiſtance to its inflection. However, if all reſiſtance could 
be removed, the motion of a pendulum would be perpetual. 


58. Bur to proceed, the firſt property, I ſhall take no- 
tice of in this motion, is, that the greater arch the pendulous 
body moves through, the greater time it takes up: though 
the length of time does not increaſe in ſo great a proportion 
as the arch. Thus if CD be a greater arch, and E F a leſſer, 
where CA is equal to AD, and E A equal to AF; the body, 

when 
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* it ſwings through the greater arch CD, ſhall take up in 
its ſwing from C to D a longer time than in fi from E 
to F, when it moves only in that leſſer arch; or the time in 
which the body let fall from C will deſcend through the arch 
CA is greater than the time, in which it will deſcend through 
the arch EA, when let fall from E. But the firſt of theſe 
times will not hold the ſame proportion to the latter, as the 
firſt arch C A bears to the other arch EA; which will appear 
thus. Let CG and EH be two horizontal lines. It has been 
remarked above *, that the body in falling through the arch 
CA will acquire as great a velocity at the point A, as it would 
have gained by falling directly down through GA; and in 
falling through the arch EA it will acquire in the point A on- 
ly that velocity, which it would have got in falling through 
HA. Therefore, when the body deſcends through the great- 
er arch C A, it ſhall gain a greater velocity, than when it paſ- 
ſes only through the leſſer; ſo that this greater velocity will in 
ſome degree compenſate the greater length of the arch. 


59. Tas increaſe of velocity, which the body acquires 
in falling from a greater height, has ſuch an effect, that, if 
ſtraight lines be drawn from A to C and F, the body would 
fall through the longer ſtraight line C A juſt in the ſame time, 
as through the ſhorter ſtraight line EA. This is demonſtrat- 
ed by the geometers, who prove, that if any circle, as ABCD 
(fig. 49.) be placed in a perpendicular ſituation; a body 
{hall fall obliquely through every line, as A B drawn from the 

loweſt point A in the circle to. any other point in the circum- 
| a { 20. 


ference 
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ference juſt in the ſame time, as would be imployed by the 
body in falling perpendicularly down through the diameter 
CA. But the time in which the body will deſcend through 
the arch, is different from the time, which it would take up 
in falling through the line AB. 


60. IT has been thought by ſome, that becauſe in very 
ſmall arches this correſpondent ſtraight line differs but little 
from the arch itſelf; therefore the deſcent through this 
ſtraight line would be performed in fuch ſmall arches nearly 
in the ſame time as through the arches themſelves: fo that 
if a pendulum were to ſwing in ſmall arches, half the time 
of a ſingle ſwing would be nearly equal to the time, in which 
a body would fall perpendicularly through twice the length 
of the pendulum. That is, the whole time of the ſwing, ac- 
cording to this opinion, will be four fold the time required 
for the body to fall through half the length of the pendu- 
lum ; becauſe the time of the body's falling down twice the 
length of the pendulum is half the time required for the fall 
through one quarter of this ſpace, that is through half the 
pendulum's length. However there is here a miſtake ; for 
the whole time of the ſwing, when the pendulum moves 
through ſmall arches, bears to the time required for a body 
to fall down through half the length of the pendulum very 
nearly the ſame proportion, as the circumference of a circle 
bears to its diameter ; that is very nearly the proportion of 
355 to 113, or little more than the proportion of 3 to x. 
If the pendulum takes fo great a ſwing, as to paſs over an arch 
equal to one fixth part of the whole circumference of the 


N circle, 
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circle, it will ſwing 115 times, while it ought according to 
this proportion to have ſwung 117 times; ſo that, when it 
ſwings in ſo large an arch, it loſes ſomething leſs than two 
ſwings in an hundred. If it ſwing through i only of the 
circle, it ſhall not loſe above one vibration in 160. If it 
ſwing in Z of the circle, it ſhall loſe about one vibration in 
690. If i its ſwing be confined to 3; of the whole circle, it 
ſhall loſe very little more than one ſwing in 2600. And 
if it take no greater a ſwing than through = of the whole cir- 
cle, it ſhall not loſe one ſwing in 5800. 


61. Now it follows from hence, that, when pendulums 
ſwing in ſmall arches, there is very nearly a conſtant propor- 
tipn obſerved between the time of their ſwing, and the time, 
in which a body would fall perpendicularly down through 
half their length. And we have declared above, that the 
ſpac es, through which bodies fall, are in a two fold propor- 
tion of the times, which they take up in falling *. There- 
fore in pendulums of different lengths, ſwinging throug hſmall 
arches, the lengths of the pendulums are in a two fold or 
duplicate proportion of the times, they take in ſwinging ; 
ſo that a pendulum of four times the length of another ſhall 
take up twice the time in each ſwing, one of nine times the 
length will make one {wing only for three ſwings of the 


ſhorter, and ſo on. 


62. Tr1s proportion in the fwings of different pendu- 
lums not only holds in {mall arches ; but in large ones alſo, 
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provided they be ſuch, as the geometers call ſimilar; that 
is, if the arches bear the ſame proportion to the whole cir- 
cumferences of their reſpective circles. Suppoſe (in fig. 48.) 
AB; CD to be two pendulums. Let the arch E F be deſcrib- 
ed by the motion of the pendulum A B, and the arch GH 
be deſcribed by the pendulum CD; and let the arch E F bear 
the ſame proportion to the whole circumference, which 
would be formed by turning the pendulum AB quite round 
about the point A, as the arch GH bears to the whole cir- 
cumference, that would be formed by turning the pendu- 
lum CD quite round the point C. Then I fay, the propor- 
tion, which the length of the pendulum AB bears to the 


length of the pendulum CD, will be two fold of the propor- 
tion, which the time taken up in the deſcription of the arch 
E F bears to the time employed in the deſcription of the arch 
GH. | 


63. Trvs pendulums, which ſwing in very ſmall arches, 
are nearly an equal meaſure of time. But as they are not ſuch 
an equal meaſure to geometrical exactneſs; the mathematicians 
have found out a method of cauſing a pendulum fo to ſwing, 
that, if its motion were not obſtructed by any reſiſtance, it 
would always perform each ſwing in the ſame time, whether 
it moved through a greater, or a leſſer ſpace. This was firſt 
diſcovered by the great Huv ENS, and is as follows. Up- 
on the ſtraight line AB (in fig. 4.9.) let the circle C DE be fo 
placed, as to touch the ſtraight line in the point C. Then let 
this circle roll along upon the ſtraight line AB, as a coach- 
wheel rolls along upon the ground. It is evident, that, as 

M..2 ſoon 
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| ſoon as ever the circle begins to move, the point C in the cir- 

cle will be lifted off from the ſtraight line AB; and in the 
motion of the circle will deſcribe a crooked courſe, which is 
repreſented by the line CFG H. Here the part CH of the 
ſtraight line included between the two extremities C and H 
of the line CFG H will be equal to the whole circumference 
of the circle CDE; and if CH be divided into two equal 
parts at the point I, and the ſtraight line IK be drawn per- 
pendicular to CH, this line IK will be equal to the diameter 
of the circle CDE. Now in this line if a body were to be 
let fall from the point H, and were to be carried by its weight 
down the line H GK, as far as the point K, which is the loweſt 
point of the line CFGH ; and if from any other point G a 
body were to be let fall in the ſame manner ; this body, 
which falls from G, will take juſt the ſame time in coming to 
K, as the body takes up, which falls from H. Therefore if 
a pendulum can be ſo hung, that the ball ſhall move in the 
line AGFE, all its ſwings, whether long or ſhort, will be per- 
formed in the ſame time ; for the time, in which the ball 
will deſcend to the point K, is always half the time of the 
whole ſwing. But the ball of a pendulum will be made to 
ſwing in this line by the following means. Let KI (in fig. 
$2.) be prolonged upwards to L, till IL is equal to IK. 
Then let the line LMH equal and like to KH be applied, as 
in the figure between the points L and H, fo that the point 
which in this line LMH anſwers to the point H in the line 
K H ſhall be applied to the point L, and the point anſwering 
to the point K ſhall be applied to the point H. Alſo let ſuch 
another line LNC be applied between L and C in the fame 


manner. 
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manner. This preparation being made; if a pendulum be 
hung at the point L of ſuch a length, that the ball thereof 
ſhall reach to K; and if the ſtring ſhall continually bend a- 
gainſt the lines HML and LNC, as the pendulum [wings 


to and fro; by this means the ball ſhall conſtantly wh in 
the line CK H. 


64. Now in this pendulum, as all the ſwings, whether 
long or ſhort, will be performed inthe ſame time; ſo the time 
of each will exactly bear the ſame proportion to the time re- 


quired for a body to fall perpendicularly down, through half 
the length of the pendulum, that is from I to K, as the cir- 
cumference of a circle bears to its diameter. 


65. IT may from hence be underſtood in ſome meaſure, 
why, when pendulums ſwing in circular arches, the times of 
their ſwings are nearly equal, if the arches are ſmall, though 


thoſe arches be of very unequal lengths; for if with the ſe- 
midiameter LK the circular arch OKP be deſcribed, this arch 


in the lower part of it will differ very little from the line 
CKH. 


66. IT may not be amiſs here to remark, that a body 
will fall in this line CKH (fig. $3.) from C to any other 
point, as Qor R in a ſhorter ſpace of time, than if it moved 
through the ſtraight line drawn from C to the other pcint; 


or through any other line whatever, that can be drawn be- 
tween theſe two points, 
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657. Bur as I have obſerved, that the time, which a pen- 
dulum takes in ſwinging, depends upon its length; I ſhall 
now ſay ſomething concerning the way, in which this length 
of the pendulum is to be eſtimated. If the whole ball of the 
pendulum could be crouded into one point, this length, by 
which the motion of the pendulum is to be computed, would 
be the length of the ſtring or rod. But the ball of the pen- 
dulum muſt have a ſenſible magnitude, and the ſeveral parts 
of this ball will not move with the ſame degree of ſwiftneſs; 
for thoſe parts, which are fartheſt from the point, whereon 
the pendulum is ſuſpended, muſt move with the greateſt ve- 
locity. Therefore to know the time in which the pendulum 
ſwings, it is neceſſary to find that point of the ball, which 
moves with the ſame degree of velocity, as if the whole ball 
were to be contracted into that point. 


68. Ts point is not the center of gravity, as I ſhall now 
endeavour to ſhew. Suppoſe the pendulum AB (in fig. 54.) 
compoſed of an inflexible rod AC and ball CB, to be fixed 
on the point A, and lifted up into an horizontal fituation. 
Here if the rod were not fixed to the point A, the body CB 
would deſcend directly with the whole force of its weight; 
and each part of the body would move down with the ſame 
degree of ſwiftneſs. But when the rod is fixed at the point 
A, the body muſt fall after another manner; for the parts 
of the body muſt move with different degrees of velocity, 
the parts more remote from A deſcending with a ſwifter mo- 
tion, than the parts nearer to A; ſo that the body will re- 
ceive a kind of rolling motion while it deſcends. But it has 

been 
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been obſerved above, that the effect of gravity upon any bo- 
dy is the fame, as if the whole force were exerted on the bo- 
dy's center of gravity . Since therefore the power of gravity 
in drawing down the body muſt alſo communicate to it the 
-rolling motion juſt deſcribed ; it ſeems evident, that the cen- 
ter of gravity of the body cannot be drawn down as ſwiftly, 
as when the power of gravity has no other effect to produce 
on the body, than merely to draw it downward. If there- 
fore the whole matter of the body CB could be crouded into 
its center of gravity, ſo that being united into one point, this 
rolling motion here mentioned might give no hindrance to 
its deſcent ; this center would deſcend faſter, than it can now 
do. And the point, which now deſcends as faft, as if the 
whole matter of the body CB were crouded into it, will be 
farther removed from the point A, than the center of gravity 
of the body CB. 


69. AGain, ſuppoſe the pendulum AB (in fig. 55.) to 
hang obliquely. Here the power of gravity will operate leſs 

upon the ball of the pendulum, than before: but the line DE 
being drawn fo, as to ſtand perpendicular to the rod AC of 
the pendulum ; the force of gravity upon the body CB, 
now it is in this ſituation, will produce the fame effect, as 
if the body were to glide down an inclined plane in the po- 
ſition of DE. But here the motion of the body, when the 
rod is fixed to the point A, will not be equal to the uninter- 
rupted deſcent of the body down this plane ; for the body 


§ 27, 


Book I. 
will here alſo receive the ſame kind of rotation in its motion, 
as before; ſo that the motion of the center of gravity will in 
like manner be retarded; and the point, which here de- 
ſcends with that degree of ſwiftneſs, which the body would 
have, if not hindered by being fixed to the point A; that is, 
the point, which deſcends as faſt, as if the whole body were 


crouded into it, will be as far removed from the point A, as 
before. 
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70. Tris point, by which the length of the pendulum is 
to be eſtimated, is called the center of oſcillation. And the 
mathematicians have laid down general directions, whereby 
to find this center in all bodies. If the globe AB (in fig. 56.) 
be hung by the ſtring CD, whoſe weight need not be re- 
garded, the center of oſcillation is found thus. Let the 
ſtraight line drawn from C to D be continued through the 
globe to F. That it will paſsthrough the center of the globe 
is evident. Suppoſe E to be this center of the globe ; and 
take the line G of ſuch a length, that it ſhall bear the ſame 
proportion to ED, as ED bears to EC. Then EH being 
made equal to; of G, the point H ſhall be the center of of- 
cillation . If the weight of the rod CD is too conſiderable 
to be neglected, divide CD (fig. 57) in I, that DI be equal 
to M part of CD; and take K in the ſame proportion to CI, as 
the weight of the globe AB to the weight of the rod CD. 
Then having found H, the center of oſcillation of the globe, as 
before, divide IK in L, fo that IL ſhall bear the ſame pro- 


= Hugen. Horolog. oſcillat. pag. 141, 142. 


portion 
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portion to LH, as the line C H bears to K; and L ſhall be 
the center of oſcillation of the whole pendulum. 


71. T x1s computation is made upon ſuppoſition, that the 

center of oſcillation of the rod CD, if that were to ſwing alone 

without any other weight annexed, would be the point I. 

And this point would be the true center of oſcillation, fo far 
as the thickneſs of the rod is not to be regarded. If any one 
chuſes to take into conſideration the thickneſs of the rod, he 
muſt place the center of oſcillation thereof ſo much below 
the point I, that eight times the diſtance of the center from 
the point I ſhall bear the ſame proportion to the thickneſs of 
the rod, as the thickneſs of the rod bears to its length CD*. 


72. IT has been obſerved above, that when a pendulum 
{wings in an arch of a circle, as here in fig. 58, the pendu- 
lum AB ſwings in the circular arch CD; if you draw an ho- 
rizontal line, as EF, from the place whence the pendulum is 
let fall, to the line AG, which is perpendicular to the horizon: 
then the velocity, which the pendulum will acquire in com- 
ing to the point G, will be the ſame, as any body would ac- 
quire in falling directly down from F to G. Now this is to be 
underſtood of the circular arch, which is deſcribed by the cen- 
ter of oſcillation of the pendulum. I ſhall here farther ob- 

| ſerve, that if the ſtraight line EG be drawn from the point, 
whence the pendulum falls, to the loweſt point of the arch ; 
in the ſame or in equal pendulums the velocity, which the 


2 Sce Hugen. Horolog. Oſcillat. p. 142. 
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pendulum acquires in G, is proportional to this line: that is, if 
the pendulum, aſter it has deſcended from E to G, be taken 
back to H, and let fall from thence, and the line HG be 
drawn ; the velocity, which the pendulum {hall acquire in 
G by its deſcent from H, ſhall bear the fame proportion to 
the velocity, which it acquires in falling from E to G, as the 
ſtraight line H G bears to the ſtraight line E G. 


73. We may now proceed o thoſe experiments upon the 
| percuſſion of bodies, which I obſerved above might be 
made with pendulums. This expedient for examining the 
effects of percuſſion was firſt propoſed by our late great 
architect Sir CHRISTOPHER WREN. And it is as follows. 
Two balls, as A and B (in fig. $9.) either equal or une- 
qual, are hung by two ſtrings from two points C and D, fo 
that, when the balls hang down without motion, they ſhall 
juſt touch each other, and the ſtrings be parallel. Here if 
one of theſe balls be removed to any diſtance from its perpen- 
dicular ſituation, and then let fall to deſcend and ſtrike a- 
gainſt the other; by the laſt preceding paragraph it will be 
known, with what velocity this ball ſhall return into its firſt 
perpendicular ſituation, and conſequently with what force it 
ſhall ſtrike againſt the other ball; and by the height to which 
this other ball aſcends after the ſtroke, the velocity commu- 
nicated to this ball will be diſcovered. For inſtance, let the 
ball A be taken up to E, and from thence be let fall to ſtrike 
againſt B, paſſing over in its deſcent the circular arch EF. 
By this impulſe let B fly up to G, moving through the circu- 
lar arch HG, Then EI and GK being drawn horizontally, 

the 
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the ball A will ſtrike againſt B with the velocity, which it 
would acquire in falling directly down from 1; And the ball 
B has received a velocity, wherewith, if it had been thrown 
directly upward, it would have aſcended up to K. Likewiſe 
if ſtraight lines be drawn from E to F and from H to G, the 
velocity of A, wherewith it ſtrikes, will bear the ſame pro- 
portion to the velocity, which B has received by the blow, as 
the ſtraight line EF bears to the ſtraight line HG. In the 
ſame manner by noting the place to which A aſcends after the 
ſtroke, its remaining velocity may be compared with that, 
wherewith it ſtruck againſt B, Thus may be experimented 
the effects of the body A ſtriking againſt B at reſt. If both 
the bodies are lifted up, and ſo let fall as to meet and impinge 
againſt each other juſt upon the coming of both into their 
perpendicular ſituation; by obſerving the places into which 
they move after the ſtroke, the effects of their percuſſion in 
all theſe caſes may be found in the ſame manner as before. 


74. Sir Is AAC NEW T oN has deſcribed theſe experiments; 
and has ſhewn how to improve them to a greater exactneſs by 
making allowance for the reſiſtance, which the air gives to 
the motion of the balls *. But as this reſiſtance is exceeding 
ſmall, and the manner of allowing for it is delivered by him- 
ſelf in very plain terms, I need not enlarge upon it here. I 
ſhall rather ſpeak to a diſcovery, which he made by theſe ex- 
periments upon the elaſticity of bodies, It has been explained 
above b, that when two bodies ſtrike, if they be not elaſtic g 


2 Princip. Philoſ, pag. 22. b Chap. 1. § 29. 
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they remain contiguous after the ſtroke; but that if they are 
elaſtic, they ſeparate, and that the degree of their elaſticity 
determines the proportion between the celerity wherewith 
they ſeparate, and the celerity wherewith they meet. Now 
our author found, that the degree of elaſticity appeared in 
the ſame bodies always the ſame, with whatever degree of 
force they ſtruck ; that is, the celerity wherewith they ſe- 
parated, always bore the ſame proportion to the celerity 
wherewith they met: ſo that the elaſtic power in all the bo- 
dies, he made trial upon, exerted it ſelf in one conſtant pro- 
portion to the compreſſing force. Our author made trial 
with balls of wool bound up very compact, and found: the 
celerity with which they receded, to bear about the propor- 
tion of x to 9 to the celerity wherewith they met; and in 
ſteel he found nearly the fame proportion; in cork the elaſti- 
city was ſomething leſs; but in glaſs much greater; for the 
celerity, wherewith balls of that material ſeparated after per- 
cuſſion, he found to bear the proportion of 15 to 1 6 to the 
celerity wherewith they met *. 


75. I sHaLL finiſh my diſcourſe on pendulums, with 
this farther obſervation only, that the center of oſcillation is 
alſo the center of another force, If a body be fixed to any 
point, and being put in motion turns round it; the body, if 
uninterrupted by the power of gravity or any other means, 
will continue perpetually to move about with the fame equa- 
ble motion, Now the force, with which ſuch a body 


® Princip. Philoſ. pag. 25. 
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moves, is all united in the point, which in relation to the 
power of gravity is called the center of oſcillation. Let the 
cylinder AB CD (in fig. 60.) whoſe axis is EF, be fixed to 
the point E. And ſuppoſing the point E to be that on which 
the cylinder is ſuſpended, let the center of oſcillation be 
found in the axis EF, as has been explained above. Let G 
be that center: then I fay, that the force, wherewith this cy- 
linder turns round the point E, is ſo united in the point G, that 
a ſufficient force applied in that point ſhall ſtop the motion of 
the cylinder, in fuch a manner, that the cylinder ſhould im- 
mediately remain without motion, though it were to be looſ- 
ened from the point E at the ſame inſtant, that the impedi- 
ment was applied to G: whereas, it this impediment had been 
applied to any other point of the axis, the.cylinder would 
turn upon the point, where the impediment was applied: If 
the impediment had been applied between E and G, the cy-- 
linder would ſo turn on the point, where the impediment 
was applied, that the end BC would continue to move on 
the ſame way it moved before along with the whole cylinder; 
but if the impediment were applied to the axis farther off from 
E than G, the end AD of the cylinder would ſtart out of its 
preſent place that way in which the cylinder moved. From 
this property of the center of oſcillation, it is alſo called the 
center of percuſſion. That excellent mathematician, Dr. BRoOox 
TavLor, has farther improved this doctrine concerning the 
center of percuſſion, by ſhewing, that if through this point 
Ga line, as GH, be drawn perpendicular to EE, and lying 
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in the courſe of the body's motion; a ſufficient power appli- 
ed to any point of this line will have the ſame effect, as the 
like power applied to G *: fo that as we before ſhewed the 
center of percuſſion within the body on its axis; by this means 
we may find this center on the ſurface of the body alſo, for 
it will be where this line HI croſſes that ſurface. | 


76. I $HALL now proceed to the laſt kind of motion, to 
be treated on in this place, and ſhew what line the power of 
gravity will cauſe a body to deſcribe, when it is thrown for- 
wards by any force. This was firſt diſcovered by the great 
GALILEO, and is the principle, upon which engineers 
ſhould direct the ſhot of great guns. But as in this caſe bo- 
dies deſcribe in their motion one of thoſe lines, which in geo- 
metry are called conic ſections ; it is neceſſary here to pre- 
miſe a deſcription of thoſe lines. In which I ſhall be the 
more particular, becauſe the knowledge of them is not only 
neceſſary for the preſent purpoſe, but will be alſo required 
hereafter in ſome of the principal parts of this treatiſe. 


77. Tas firſt lines conſidered by the ancient geometers 
were the ſtraight line and the circle. Of theſe they compoſ- 
ed various figures, of which they demonſtrated many proper- 
ties, and reſolved divers problems concerning them. Theſe 
problems they attempted always to reſolve by the deſcribing 
ſtraight lines and circles. For inſtance, let a ſquare ABCD 
( fig. 61.) be propoſed, and let it be required to make ano- 


a See Method. Increment. prop. 25. 
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ther ſquare in any aſſigned proportion to this. Prolong one 
fide, as DA, of this ſquare to E, till A E bear the ſame propor- 
tion to AD, as the new ſquare is to bear to the ſquare AC. 
If the oppoſite fide B C of the ſquare A C be alſo prolonged 
to E, till BF be equal to AE, and EF be afterwards drawn, 
I ſuppoſe my readers will eaſily conceive, that the figure ABFE 
will bear to the ſquare A B CD the ſame proportion, as the line 
AE bears to the line AD. Therefore the figure ABFE will 
be equal to the new ſquare, which is to be found, but is not 
it ſelf a ſquare, becauſe the ſide A E is not of the ſame length 
with the fide EF., But to find a ſquare equal to the figure 
AB EE you muſt proceed thus. Divide the line DE into two 
equal parts in the point G, and to the center G with the inter- 
val GD deſcribe the circle DH EI; then prolong the line AB, 
till it meets the circle in K; and make the ſquare AKLM, which 
ſquare will be equal to the figure ABFE, and bear tothe ſquare 
AB CD the ſame proportion, as the line AE bears to AD. 


78. I sHALL not proceed to the proof of this, having 
only here ſet it down as a ſpecimen of the method of reſolv- 
ing geometrical problems by the deſcription of ſtraight lines 
and circles. But there are ſome problems, which cannot be 
reſolved by drawing ftraight lines or circles upon a plane. For 
the management therefore of theſe they took into conſidera- 
tion ſolid figures, and of the ſolid figures they found that, 
which is called a cone, to be the moſt uſeful. 
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79. A CoNE is thus defined by EucL1ps in his ele- 
ments of geometry *. If to the Qtrajght line A B (in fig.62.) 
another ſtraight line, as AC, be drawn perpendicular, and the 
two extremities B and C be joined by a third ſtraight line 
compoſing the triangle ACB ( for ſo every figure is called, 
which is included under three ſtraight lines : ) then the two 
points A and B being held fixed, as two centers, and the trian- 
gle A CB being turned round upon the line A B, as on an axis; 
the line AC will deſcribe a circle, and the figure AC B will 
deſcribe a cone, of the form repreſented by the figure BCDEF 


( fig. 63.) in which the circle CDEF is uſually called the 
baſe of the cone, and B the vertex. 


80. Now by this figure may ſeveral problems be reſolved, 
which cannot by the ſample deſcription of ftraight lines and 
circles upon a plane. Suppoſe for inſtance, it were required 
to make a cube, which ſhould bear any aſſigned proportion 
to ſome other cube named. I need not here inform my read- 
ers, that a cube is the figure of a dye. This problem was 
much celebrated among the ancients, and was once inforced 
by the command of an oracle. This problem may be per- 
formed by a cone thus. Firſt make a cone from a triangle, 
whoſe fide AC ſhall be half the length of the fide BC. 
Then on the plane ABCD ( fig. 64. ) let the line EF be 
exhibited equal in length to the fide of the cube propoſed ; 
and let the line FG be drawn perpendicular to EF, and of 
ſuch a length, that it bear the ſame proportion to EF, as the 


2 Lib. XI. Def. 
X cube 
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cube to be ſought is required to bear to the cube propoſed. 
Through the points E, E, and & let the circle F H Ibe deſcribed. 
Then let the line EF be prolonged beyond F to Kk, that FK 
be equal to FE, and let the triangle FK L, having all its ſides 
FK, KL, LF equal to each other, be hung down perpendi- 
cularly from the plane AB CD. After this, let another plane 
MN OP be extended through the point L, fo as to be equi- 
diſtant from the former plane AB CD, and in this plane let 
the line QL R be drawn fo, as to be equidiſtant from the line 
EFK. All this being thus prepared, let ſuch a cone, as was 
above directed to be made, be ſo applied to the plane MN OP, 
that it touch this plane upon the line QR, and that the vertex 
of the cone be applied to the point L. This cone, by cutting 
through the firſt plane AB CD, will croſs the circle F HI be- 
fore deſcribed. And if from the point 8, where the ſurface 
of this cone interſects the circle, the line 8 T be drawn fo, as 
to be equidiſtant from the line EF; the line F T will be equal 
to the fide of the cube ſought : that is, if there be two cubes 
or dyes formed, the fide of one being equal to EF, and the 
fide of the other equal to FT; the former of theſe cubes ſhall 
bear the ſame proportion to the latter, as the line EF bears 
to FG. 


81. INDEED this placing a cone to cut through a plane is 
not a practicable method of reſolving problems. But when 
the geometers had diſcovered this uſe of the cone, they ap- 
plied themſelves to confider the nature of the lines, which 
will be produced by the interſection of the furface of a cone 

P and 
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and a plane; whereby they might be enabled both to reduce 
theſe kinds of ſolutions to practice, and alſo to render their 
demonſtrations conciſe and elegant. 
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82. Wu EN EVER the plane, which cuts the cone, is equi- 
diſtant from another plane, that touches the cone on the ſide; 
( which is the caſe of the preſent figure;) the line, wherein 
the plane cuts the ſurface of the cone, is called a parabola. 
But if the plane, which cuts the cone, be ſo inclined to this 
other, that it will paſs quite through the cone (as in fig. 6 x.) 
ſuch a plane by cutting the cone produces the figure called 
an ellipfis, in which we ſhall hereafter ſhew the earth 'and 
other planets to move round the ſun. If the plane, which 
cuts the cone, recline the other way (as in fig:66.) ſo as not 
to be parallel to any plane, whereon the cone can lie, nor yet 
to cut quite through the cone; fuch a plane ſhall produce in 
the cone a third kind of line, which is called an hyperbola. 
But it is the firſt of theſe lines named the parabola, wherein 
bodies, that are thrown obliquely, will be carried by the force 
of gravity; as I ſhall here proceed to ſhew, after having firſt 
directed my readers how to deſcribe this fort of line upon a 
plane, by which the form of it may be ſeen, 


83. To any ſtraight line AB (fig. 67.) let a ſtraight ruler 

CO be ſo applied, as to ſtand againſt it perpendicularly. Upon 
the edge of this ruler let another ruler EF be ſo placed, as to 
move along upon the edge of the firſt ruler CD, and keep al- 
ways perpendicular to it. This being ſo diſpoſed, let any 
point, as G, be taken in the line AB, and let a ſtring equal 
5 
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in length to the ruler EF be faſtened by one end to the point 
G, and by the other to the extremity F ofthe ruler EF. Then 
if the ſtring be held down to the ruler EF by a pin H, as is 
repreſented in the figure ; the point of this pin, while the 
ruler EF moves on the ruler CD, ſhall deſcribe the line IKL. 
which will be one part of the curve line, whoſe deſcription 
we were here to teach : and by applying the rulers in the like 
manner on the other {ide of the line AB, we may deſcribe 
the other part IM of this line. If the diſtance CG be equal 
to half the line EF in fig. 64, the line MI Lwill be that very 
line, wherein the plane AB CD in that figure cuts the cone. 


84. Tux line Al is called the axis of the parabola MIL, 
and the point G is called the focus. 


85. Now by comparing the effects of gravity upon falling 
bodies, with what is demonſtrated of this figure by the geo- 
meters, it is proved, that every body thrown obliquely is 
carried forward in one of theſe lines, the axis whereof is per- 
pendicular to the horizon. 


86. T nx geometers demonſtrate, that if a line be drawn to 
touch a parabola in any point, as the line A B (in fig. 6 8.) touches 
the parabola CD, whoſe axis is YZ, in the point E; and ſeveral 
lines FG, HI, KL be drawn parallel to the axis of the parabola: 
then the line FG will be to HI in the duplicate proportion of 
EF to EH, and FG to KL in the duplicate proportion of EE 
to EK; likewiſe HI to K L in the duplicate proportion of EN 
to EK. What is to be underſtood by duplicate or two-fold 

3 pro- 
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proportion, has been already explained * Accordingly I 
mean here, that if the line M be taken to bear the ſame pro- 
portion to EH, as EH bears to EF, HI will bear the ſame 
proportion to FG, as M bears to EF; and if the line N bears 
the ſame proportion to E K, as EK bears to EF, KL will bear 
the ſame proportion to FG, as N bears to EF; or if the line 
O bear the ſame proportion to EK, as EK bears to EH, KL 
will bear the ſame proportion to HI, as O bears to EH. 


87. Tais property is eſſential to the parabola, being 
ſo connected with the nature of the figure, that every line 
poſſeſſing this property is to be called by this name. 


88. Now ſuppoſe a body to be thrown from the point A 
(in fig. 69.) towards B in the direction of the line AB. This 
body, if left to it ſelf, would move on with a uniform mo- 
tion through this line AB. Suppoſe the eye of a ſpectator to 
be placed at the point C juſt under the point A; and let us 
imagine the earth to be ſo put into motion along with the 
body, as to carry the ſpectator's eye along the line C D parallel 
to AB; and that the eye ſhould move on with the ſame velo- 
city, wherewith the body would proceed in the line AB, if 
it were to be left to move without any diſturbance from its 
gravitation towards the earth. In this caſe if the body mov- 
ed on without being drawn towards the earth, it would ap- 
pear to the ſpectator to be at reſt. But if the power of gra- 
vity exerted it ſelf on the body, it would appear to the ſpe- 


2 Chap. 2. C 17. 
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ctator to fall directly down. Suppoſe at the diſtance of time, 
wherein the body by its own progreſſive motion would have 
moved from A to E, it ſhould appear to the ſpectator to 
have fallen through a length equal to EF : then the body at 
the end of this time will actually have arrived at the point F. 
If in the ſpace of time, wherein the body would have mov- 
ed by its progreſſive motion from A to G, it would have ap- 
peared to the ſpectator to have fallen down the ſpace GH: 
then the body at the end of this greater interval of time 
will be arrived at the point H. Now if the line AFHI be 
that, through which the body actually paſſes ; from what 
has here been ſaid, it will follow, that this line is one of thoſe, 
which I have been deſcribing under the name of the parabo- 
la. For the diſtances EF, GH, through which the body is 
ſeen to fall, will increaſe in the duplicate proportion of the 
times; but the lines AE, AG will be proportional to the 
times wherein they would have been deſcribed by the ſingle 
progreſſive motion of the body : therefore the lines EF, GH 
will be in the duplicate proportion of the lines AF, AG; and 
the line AF HI poſſeſſes the property of the parabola. 


89. Ir the earth be not ſuppoſed to move along with the 
body, the caſe will be a little difterent. For the body be- 
ing conſtantly drawn directly towards the center of the earth, 
the body in its motion will be drawn in a direction a little ob- 
lique to that, wherein it would be drawn by the earth in mo- 
tion, as before ſuppoſed. But the diſtance to the center of the 


See above Ch. 2. 17. 
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_ earth bears ſo vaſt a proportion to the greateſt length, to which 
we can throw bodies, that this obliquity does not merit any 
regard. From the ſequel of this diſcourſe it may indeed be 
collected, what line the body being thrown thus would be 
found to deſcribe, allowance being made for this obliquity of 
the earth's action. This is the diſcovery of Sir IS. NEwToN; 
but has no uſe in this place. Here it is abundantly ſuffici ent 
to conſider the body as moving in a parabola. 


do. Tur line, which a projected body deſcribes, being 

thus known, practical methods have been deduced from 
hence for directing the ſhot of great guns to ſtrike any ob- 
je deſired. This work was firſt attempted by GAL IL Eo, 
and ſoon after farther improved by his ſcholar TORRICELLI; 
but has lately been rendred more complete by the great 
Mr. Cor ks, whoſe immature death is an unſpeakable loſs to 
mathematical learning. If it be required to throw a body 
from the point A (in fig. 70.) ſo as to ſtrike the point B; 
through the points A, B draw the ſtraight line CD, and erect 
the line AE perpendicular to the horizon, and cf four times 
the height, from which a body muſt fall to acquire the velo- 
city, wherewith the body is intended to be thrown. Through 
the points A and E deſcribe a circle, that ſhall touch the line 
CD in the point A. Then from the point B draw the line 
BF perpendicular to the horizon, interſecting the circle in the 
points G and H. This being done, if the body be projected 
directly towards either of theſe points G or H, it ſhall fall up- 
on the point B; but with this difference, that, if it be thrown 
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in the direction AG, it ſhall ſooner arrive at B, than if it were 
projected in the direction AH. When the body is projected 
in the direction AG; the time, it will take up in arriving at 
B, will bear the ſame proportion to the time, wherein it 
would fall down through one fourth part of A E, as AG bears 
to half AE. But when the body is thrown in the direction. 
of AH, the time of its paſſing to B will bear the ſame propor- 
tion to the time, wherein it would fall through one fourth 
part of AE, as AH bears to half AE. 


91. Ir the line Al be drawn fo, as to divide the angle un- 
der EA in the middle, and the line IK be drawn perpen- 
dicular to the horizon, this line will touch the circle in the 
point 1; and if the body be thrown in the direction AI, it 
will fall upon the point K: and this point K is the fartheſt 
point in the line AD, which the body can be made to ſtrike, 


without increaſing its velocity. 


92. Taz velocity, wherewith the body every where 
moves, may be found thus. Suppoſe the body to move in 
the parabola AB (fig. 71.) Ere& AC perpendicular to the 
horizon, and equal to the height, from which a body muſt 
fall to acquire the velocity, wherewith the body ſets out from 
A. If you take any points as Dand E in the parabola, and 
draw DF and EG parallel to the horizon; the velocity of the 
body in D will be equal to what a body will acquire in falling 
down by its own weight through CF, and in E the velocity 
will be the ſame, as would be acquired in falling through 
CG. Thus the body moves ſloweſt at the higheſt point H 

of. 
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of the parabola, and at equal diſtances from this point will 
move with equal ſwiftneſs, and deſcend from that higheſt 
point through the line H B altogether like to the line A H in 
which it aſcended; abating only the reſiſtance of the air, 
which is nos here conſidered. If the line HI be drawn from 
the higheſt point H parallel to the horizon, CI will be juſt 
half CA. 
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92. Tnus I have recounted the principal diſcoveries, 
which had been made concerning the motion of bodies by 
Sir IsaacNEewrToN's predeceſſors; all theſe diſcoveries, by 
being found to agree with experience, contributing to eſta- 
bliſh the laws of motion, from whence they were deduced. 
I ſhall therefore. here finiſh, what I had to fay upon thoſe 
laws; and conclude this chapter with a few words concern- 
ing the diſtinction, which ought to be made between abſolute 
and relative motion. For ſome have thought fit to confound 
them together; becauſe they obſerve the laws of motion to 
take place here on the earth, whichis in motion, after the ſame 
manner as if it were at reſt. But Sir IS AAC NRW TON has 
been careful to diſtinguiſh between the relative and abſolute 
conſideration both of motion and time. The aſtronomers 
anciently found it neceſſary to make this diſtinction in time. 
Time conſidered init {elf paſſes on equably without relation to 
any thing external, being the proper meaſure of the continu- 
ance and duration of all things. But it is moſt frequently con- 
ceived of by us under a relative view to ſome ſucceſſion in 


Prin. Philoſ. pag. 7, Ke. 


ſenſible 
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ſenſible things, of which we take cognizance. The ſucceſ- 


ſion of the thoughts in our own minds is that, from whence 
we receive our firſt idea of time, but is a very uncertain mea- 
ſure thereof; for the thoughts of ſome men flow on much 
more ſwiftly, than the thoughts of others; nor docs the ſame 
perſon think equally quick at all times. The motions of the 
heavenly bodies are more regular; and the eminent diviſion 
of time into night and day, made by the ſun, leads us to 
meaſure our time by the motion of that luminary: nor do we 
in the affairs of life concern our ſelves with any inequality, 
which there may be in that motion ; but the ſpace of time 
which comprehends a day and night is rather ſuppoſed to be 
always the ſame. However aſtronomers anciently found 
theſe ſpaces of time not to be always of the ſame length, and 
have taught how to compute their differences. Now the 
time, when ſo equated as to be rendered perfectly equal, is 
the true meaſure of duration, the other not. And therefore 
this latter, which is abſolutely true time, differs from the 
other, which is only apparent. And as we ordinarily make 
no diſtinction between apparent time, as meaſured by the 
ſun, and the true; ſo we often do not diſtinguiſh in our uſu- 
al diſcourſe between the real, and the apparent or relative 
motion of bodies ; but uſe the ſame words for one, as we 
ſhould for the other. Though all things about us are really 
in motion with the earth; as this motion is not viable, we 
ſpeak of the motion of every thing we ſee, as if our ſelves 
and the earth ſtood ſtill. And even in other caſes, where we 
diſcern the motion of bodies, we often ſpeak of them not in 
relation to the whole motion we ſee, but with regard to other 


Q bodies 
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bodies, to which they are contiguous. If any body were ly- 
ing on a table; when that table ſhall be carried along, we 
ſay the body reſts upon the table, or perhaps abſolutely, that 
the body is at reſt. However philoſophers muſt not reject all 
diſtinction between true and apparent motions, any more than 
aſtronomers do the diſtinction between true and vulgar time; 
for there is as real a difference between them, as will appear 
by the following conſideration. Suppoſe all the bodies of 
the univerſe to have their courſes ſtopped, and reduced to 
perfect reſt. Then ſuppoſe their preſent motions to be again 
reſtored; this cannot be done without an actual impreſſion 
made upon ſome of them at leaſt. If any of them be 
left untouched, they will retain their former ſtate, that is, 
ſtill remain at reſt; but the other bodies, which are 
wrought upon, will have changed their former ſtate of reſt, 
for the contrary ſtate of motion. Let us now ſuppoſe the 
bodies left at reſt to be annihilated, this will make no al- 
teration in the ſtate of the moving bodies; but the effect 
of the impreſſion, which was made upon them, will ſtill 
ſubſiſt. This ſhews the motion they received to be an ab- 
ſolute thing, and to have no neceſſary dependence upon 
the relation which the body ſaid to be 1 in motion has to any 
other body *. 


94. Bx sI Es abſolute and relative motion are diſtinguiſh- 
able by their Effects. One effect of motion is, that bodies, 


when moved round any center or axis, _ ire a certain 


N » See Newton, princip. Philo. pag. 9. a 294 9 
| power, 
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power, by which they forcibly preſs themſelves from that cen- 
ter or axis of motion. As when a body is whirled about in a 
ſling, the body preſſes againſt the fling, and is ready to fly 
out as ſoon as liberty is given it. And this power is propor- 
tional to the true, not relative motion of the body round ſuch 
a center or axis. Of this Sir Is AAC NRW To gives the fol- 
lowing inſtance *, If a pail or ſuch like veſſel near full of wa- 
ter be ſuſpended by a ſtring of ſufficient length, and be turn- 
ed about till the ſtring be hard twiſted. If then as ſoon as the 
veſſel and water in it are become ſtill and at reſt, the veſſel be 
nimbly turned about the contrary way the ſtring was twiſted, 
the veſſel by the ſtrings untwiſting it ſelf ſhall continue its mo- 
tion a long time. And when the veſſel firſt begins to turn, the 
water in it ſhall receive little or nothing of the motion of the 
veſſel, but by degrees ſhall receive a communication of mo- 
tion, till at laſt it ſhall move round as ſwiftly as the veſſel it 
ſelf. Now the definition of motion, which DES CART Es has 
given us upon this principle of making all motion meerly re- 
lative, is this : that motion, is a removal of any body from its 
vicinity to other bodies, which were in immediate contact 
with it, and are conſidered as at reſt ®. And if this be com- 
pared with what he ſoon after ſays, that there is nothing real 
or poſitive in the body moved, for the fake of which we 
aſcribe motion to it, which is not to be found as well in the 
contiguous bodies, which are conſidered as at reft ©; it will 
follow from thence, that we may conſider the veſſel as at reſt 


2 Princip. Philoſ. pag. 10. e Ibid. 5 30. 
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and the water as moving in it: and the water in reſpect of 
the veſſel has the greateſt motion, when the veſſel fisft begins 
to turn, and loſes this relative motion more and more, till at 
length it quite ceaſes. But now, when the veſſel firſt begins 
to turn, the ſurface of the water remains ſmooth and flat, as 
before the veſſel began to move; but as the motion of the 
veſſel communicates by degrees motion to the water, the ſur- 
face of the water will be obſerved to change, the water ſub- 
ſiding in the middle and riſing at the edges: which elevation 
of the water is cauſed by the parts of it preſſing from the axis, 
they move about; and therefore this force of receding from 
— axis of motion depends not upon the relative motion of 
the water within the veſſel, but on its abſolute motion; for 
it is leaſt, when that relative motion is greateſt, and greateſt, 
when that relative motion is leaſt, or none at all. 


95. Tus the true cauſe of what appears in the ſurface 
of this water cannot be aſſigned, without conſidering the 
water's motion within the veſſel. So alfo in the ſyſtem of the 
world; in order to find out the cauſe of the planetary mo- 
tions, we muſt know more of the real motions, which be- 
long to each planet, than is abſolutely neceſſary for the uſes 
of - "Fiona, If the aſtronomer ſhould ſuppoſe the earth to 
ſtand ſtill, he could aſcribe fuch motions to the celeſtial bo- 
dies, as ſhould anſwer all the appearances; though he would 
not account for them in ſo ſimple a manner, as by attributing 
motion to the earth. But the motion of the earth muſt of 
neceſſity be confidered, before the real cauſes, which actuate 
the planetary ſyſtem, can be diſcovered. 


CHAP. 
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C HAP. III. 
Of CENTRIPETAL FORCES: 


have juſt been deſcribing in the preceding chapter 
V the effects produced on a body in motion, from its 
being continually acted upon by a power always equal in 
ſtrength, and operating in parallel directions. But bodies 
may be acted upon by powers, which in different places ſhall 
have different degrees of force, and whoſe ſeveral directions 
ſhall be variouſly inclined to each other. The moſt ſim- 
ple of theſe in reſpe& to direction is, when the power is 
pointed conſtantly to one center. This is truly the. caſe of 
that power, whole effects we deſcribed in the foregoing chap- 
ter; though the center of that power is ſo far removed, that 
the ſubject then before us is moſt conveniently to be conſider- 
ed in the light, wherein we have placed it: But Sir IS AAC 
NE wr oN has conſidered very particularly this other caſe. of 
powers, which are conſtantly directed to the ſame center. It 
is upon this foundation, that all his diſcoveries in the ſyſtem 
of the world are raiſed. And therefore, as this ſubject bears 
ſo very great a ſhare in the philoſophy, of- which I. am diſ- 
courſing, I think it proper in this place to take a ſhort view 
of ſome of the general effects of theſe powers, before we 
come. to apply them particularly to the ſyſtem of the world. 
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2. THrzss powers or forces are by Sir IS AAC N EWTON 
called centripetal; and their firſt effect is to cauſe the body, on 
which they act, to quit the ftraight courſe, wherein it would 
proceed if undiſturbed, and to deſcribe an incurvated line, 
which ſhall always be bent towards the center of the force. 
It is not neceſſary, that ſuch a power ſhould cauſe the body 
to approach that center. The body may continue to recede 
from the center of the power, notwithſtanding its being drawn 
by the power; but this property muſt always belong to its 
motion, that the line, in which it moves, will continually be 
concave towards the center, to which the power is directed. 
Suppoſe A ( in fig. 72.) to be the center of a force. Let a 
body in B be moving in the direction of the ſtraight line BC, 
in which line it would continue to move, if undiſturbed ; but 
being attracted by the centripetal force towards A, the body 
muſt neceſſarily depart from this line BC, and being drawn 
into the curve line. BD, muſt paſs between the lines AB and 
BC. It is evident therefore, that the body in B being gra- 
dually turned off from the ſtraight line B C, it will at firſt be 
convex toward the line BC, and conſequently concave to- 
wards the point A: for theſe centripetal powers are ſuppoſed 
to be in ſtrength proportional to the power of gravity, and, 
ke that, not to be able after the manner of an impulſe to turn 
the body ſenſibly out of its courſe into a different one in an in- 
ſtant, but to take up ſome ſpace of time in producing a viſi- 
ble effect. That the curve will always continue to have its 
concavity towards A may thus appear. In the line BC near 
to Btake any point as E, from which the line EF G may be fo 
| drawn 
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drawn, as to touch the curve line BD in ſome point as F. Now 
when the body is come to F, if the centripetal power were im- 
mediately to be ſuſpended, the body would no longer conti- 
nue to move in a curve line, but being left to it ſelf would 
forthwith reafſume a ſtraight courſe; and that ſtraight courſe 
would be in the line FG: for that line is in the direction of 
the body's motion at the point F. But the centripetal force 
continuing its energy, the body will be gradually drawn from 
this line FG ſo as to keep in the line FD, and make that line 
near the point F to be convex toward FG, and concave toward 
A. Aſter the ſame manner the body may be followed on in 
its courſe through the line BD, and every part of that line be 


ſhewn to be concave toward the point A. 


3. THis then is the conſtant character belonging to thoſe 
motions, which are carried on by centripetal forces; that the 
line, wherein the body moves, is throughout concave towards 
the center of the force. In reſpec to the ſucceſſive diſtances 
of the body from the center there is no general rule to be laid 
down ; for the diſtance of the body from the center may ei- 
ther increaſe, or decreaſe, or even keep always the fame. The 
point A (in fig. 73.) being the center of a centripetal force, 
let a body at B ſet out in the direction of the ſtraight line BC 
perpendicular to the line AB drawn from Ato B. It will be 
eaſily conceived, that there is no other point in the line BC ſo 
near to A, as the point B; that AB is the ſhorteſt of all the 
lines, which can be drawn from A to any part of the line BC; 
all other lines, as AD, or AF, drawn from A to the line BC 
being longer than AB. Hence it follows, that the body ſet- 

ung, 
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ting out from B, if it moved in the line BC, it would recede 
more and more from the point A. Now as the operation of 
a centripetal force is to draw a body towards the center of 
the force: if ſuch a force act upon a reſting body, it muſt 
neceſſarily put that body ſo into motion, as to cauſe it to 
move towards the center of the force: if the body were of 
it ſelf moving towards that center, the centripetal force 
would accelerate that motion, and cauſe it to move faſter 
down: but if the body were in fuch a motion, as being left 
to itſelf it would recede from this center, it is not neceſ- 
ſary, that the action of a centripetal power upon it ſhould 
immediately compel the body to approach the center, from 
which it would otherwiſe have receded ; the centripetal 
power is not without effect, if it cauſe the body to recede 
more {lowly from that center, than otherwiſe it would have 
done. Thus in the caſe before us, the ſmalleſt centripetal 
power, if it act on the body, will force it out of the line B C, 
and cauſe it to pals in a bent line between BC and the point 
A, as has been before explained. When the body, for in- 
ſtance, has advanced to the line AD, the effect of the cen- 
tripetal force diſcovers it ſelf by having removed the body out 
of the line BC, and brought it to croſs the line A D ſome- 
where between A and D: ſuppoſe at F. Now AD being 
longer than AB, AF may alſo be longer than AB. The cen- 
tripetal power may indeed be fo ſtrong, that AF ſhall be 
' ſhorter than AB; or it may be ſo evenly balanced with the 
e motion of the body, that AF and AB ſhall be juſt 

equal: and in this laſt caſe, when the centripetal force is of 
that ſtrength, as-conſtantly to draw the body as much toward 
| | the 
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the center, as the progreſſive motion would carry it off, the 
body will deſcribe a circle about the center A, this center of 
the force being alſo the center of the circle. 
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4. Ir the body, inſtead of ſetting out in the line BC per- 
pendicular to AB, had ſet out in another line BG more in- 
clined towards the line A B, moving in the curve line BH; 
then as the body, if it were to continue its motion in the line 
BG, would for ſome time approach the center A; the centri- 
petal force would cauſe it to make greater advances toward 
that center. But if the body were to ſet out in the line BI re- 
clined the other way from the perpendicular BC, and were to 
be drawn by the centripetal force into the curve line B K; the 
body, notwithſtanding any centripetal force, would for ſome 
time recede from the center; ſince ſome part at leaſt of the 
curve line B K lies between the line BI and the perpendicular BC. 


5. Tus far we have explained ſuch effects, as attend 
every centripetal force. But as theſe forces may be very diffe- 
rent in regard to the different degrees of ſtrength, where- 
with they act upon bodies in different places; I ſhall now pro- 
ceed to make mention in general of ſome of the differences 
attending theſe centripetal motions. 


6. To reaſſume the conſideration of the laſt mentioned 
caſe. Suppoſe a centripetal power directed toward the point 
A (in fig. 74.) to act on a body in B, which is moving in 
the direction of the ſtraight line B C, the line B C reclining 
off from AB. If from A the ſtraight lines AD, AE, AF are 


R | drawn 
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drawn at pleaſure to the line C B; the line CB being prolong- 
ed beyond B to G, it appears that AD is inclined to the line 
G C more obliquely, than AB is inclined to it, A E is inclin- 
ed more obliquely than A D, and AF more than AE. To 
ſpeak more correctly, the angle under A D is leſs than that 
under ABG, the angle under AEG leſs than that under 
AD G, and the angle under AFG leſs than that under A EG. 
Now ſuppoſe the body to move in the curve line BHIK. 
Then it is here likewiſe evident, that the line BHIK be 
ing concave towards A, and convex towards the line B C, 
it is more and more turned off from the line BC; ſo 
that in the point H the line AH will be leſs obliquely inclin- 
ed to the curve line B H IR, than the ſame line AH is inclin- 
ed to B C at the point D; at the point I the inclination of the 
line Al to the curve line will be more different from the in- 
clination of the ſame line A E to the line B C, at the point E; 
and in the points K and F the difference of inclination will be 
ſtill greater ; and in both the inclination at the curve will be 
leſs oblique, than at the ſtraight line BC. But the ſtraight 
line AB is leſs obliquely inclined to BG, than AD is inclined. 
towards DG: therefore although the line AH be leſs oblique- 
ly inclined towards the curve H B, than the ſame line AHD is 
inclined towards DG ; yet it is poſſible, that the inclination 
at H may be more oblique, than the inclination at B. The in- 
clination at H may indeed be lefs oblique than the other, or 
they may be both the ſame. This depends upon the degree 
of ſtrength, wherewith the centripetal force exerts it ſelf, 
during the paſſage of the body from B to H. After the ſame 
manner the inclinations at I and K depend entirely on the de- 

gree 
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gree of ſtrength, wherewith the centripetal force acts on the 
body in its paſſage from H to K: if the centripetal force be 
weak enough, the lines AH and AI drawn'from the center A 
to the body at H and at I ſhall be more obliquely inclined to 
the curve, than the line AB is inclined towards BG. The cen- 
tripetal force may be of that ſtrength as to render all theſe in- 
clinations equal, or if ſtronger, the inclinations at I and K 
will be leſs oblique than at B. Sir IS AAC NEW Tr ON has par- 
ticularly ſhewn, that if the centripetal power decreaſes after 
a certain manner with the increaſe of diſtance, a body may 
deſcribe ſuch a curve line, that all the lines drawn from the 
center to the body ſhall be equally inclined to that curve line *. 
But I do not here enter into any particulars, my preſent inten- 
tion being only to ſhew, that it is poſſible for a body to be 
acted upon by a force continually drawing it down towards a 
center, and yet that the body ſhall continue to recede from 
that center; for here as long as the lines AH, AI, &c drawn 
from the center A to the body do not become leſs oblique to 
the curve, in which the body moves; fo long ſhall thoſe lines 
perpetually increaſe, and conſequently the body ſhall more 


and more recede from the center. 


7. Bur we may obſerve farther, that if the centripetal 
power, while the body increaſes its diſtance from the center, 
retain ſufficient ſtrength to make the lines drawn from the 
center to the body to become at length leſs oblique to the 
curve; then if this diminution of the obliquity continue, till 
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at laſt the line drawn from the center to the body ſhall ceaſe 
to be obliquely inclined to the curve, and ſhall become per- 

pendicular thereto; from this inſtant the body ſhall no longer 
recede from the center, but in its following motion it ſhall 
again deſcend, and ſhall deſcribe a curve line in all reſpects 
like to that, which it has deſcribed already; provided the 
centripetal power, every where at the ſame diſtance from the 
center, acts with the fame ſtrength. So we obſerved in the 
preceding chapter, that, when the motion of a projectile be- 
came parallel to the horizon, the projectile no longer aſcend- 
ed, but forthwith directed its courſe downwards, deſcending 
in a line altogether like that, wherein it had before aſcended *, 
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8. Tuis return of the body may be proved by the fol- 
lowing propoſition: that if the body in any place, ſuppoſe at 
I, were to be ſtopt, and be thrown directly backward with the 
velocity, wherewith it was moving forward in that point I; 
then the body, by the action of the centripetal force upon it, 
would move back again over the path IHB, in which it had 
before advanced forward, and would arrive again at the point 
B in the ſame ſpace of time, as was taken up in its paſſage 
from B to I; the velocity of the body at its return to the point 
B being the ſame, as that where with it firſt ſet out from that 
point. To give a full demonſtration of this propoſition, 
would require that uſe of mathematics, which J here pur- 
poſe to avoid; but, I believe, it will appear in great meaſure 
evident from the following conſiderations, 
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9. Sur- 
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9. Surros (in fig. 75.) that a body were carried after 
the following manner through the bent figure A BC DEE, 
compoſed of the ſtraight lines AB, BC, CD, DE, EF. Firſt 
let it be moving in the line AB, from A towards B, with any 
uniform velocity. At B let the body receive an impulſe di- 
rected toward ſome point, as G, taken within the concavity 
of the figure. Now whereas this body, when once moving 
in the ſtraight line A B, will continue to move on in this line, 
ſo long as it ſhall be left to it ſelf; but being diſturbed at the 
point B in its motion by the impulſe, which there acts upon 


it, it will be turned out of this line AB into ſome other ſtraight 


line, wherein it will afterwards continue to move, as long as it 
ſhall be left to itſelf. Therefore let this impulſe have ſtrength 
ſufficient to turn the body into the line BC. Then let the 
body move on undiſturbed from B to C, but at Clet it receive 
another impulſe pointed toward the ſame point G, and of ſuf- 
ficient ſtrength to turn the body into the line C D. At D let 
a third impulſe, directed like the reſt to the point G, turn the 
body into the line DE. And at E let another impulſe, dire&- 
ed likewiſe to the point G, turn the body into the line EF. 
Now, I fay, if the body while moving in the line EF 
be ſtopt, and turned back again in this line with the ſame 
velocity, as that wherewith it was moving forward in this line; 

then by the repetition of the former impulle at E the body will 
be turned into the line ED, and move in it from E to D with 
the ſame velocity as before it moved with from D to E; by 
the repetition of the impulſe at D, when the body ſhalt 
have returned to that point, it 'will be turned into the line 
DC; and by the repetition of the other impulſes at C and B. 
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the body will be brought back again into the line BA, with 
the velocity, wherewith it firſt moved in that line. 


Io. Tuis ] prove as follows. Let DE and FE be conti- 
nued beyond E. In DE thus continued take at pleaſure the 
length EH, and let HI be ſo drawn, as to be equidiſtant from 
the line GE. Then, by what has been written upon the ſe- 
cond law of motion , it follows, that after the impulſe on 
the body in E it will move through ET in the ſame time, as 
it would have imployed in moving from E to H, with the ve- 
locity which it had in the line DE. In FE prolonged take 
EK equal to EI, and draw K L equidiſtant from GE. Then, 
becauſe the body is thrown back in the line FE with the ſame 

velocity as that wherewith it went forward in that line; if, 
when the body was returned to E, it were permitted to go 
ſtraight on, it would paſs through EK in the ſame time, as it 
took up in paſſing through EI, when it went forward in the 
line EF. But, if at the body's return to the point E, ſuch an 
impulſe directed toward the point D were to be given it, where- 
by it ſhould be turned into the line DE; I fay, that the 
impulſe neceſſary to produce this effect muſt be equal to 
that, which turned the body out of the line DE into EF; 
and that the velocity, with which the body will return into 
the line ED, is the ſame, as that wherewith it before moved 
through this line from D to E. Becauſe EK is equal to EI, and 
KL and HI, being each equidiſtant from GE, are by conſe- 
quence equidiſtant from each other; it follows, that the two 
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triangular figures I E H and KEL are altogether like and equal 
to each other. If I were writing to mathematicians, I might 
refer them to ſome propoſitions in the elements of EucL1d 
for the proof of this: but as I do not here addreſs my ſelf to 
ſuch, ſo ] think this aſſertion will be evident enough without 
a proof in form ; at leaſt I muſt defire my readers to receive 
it as a propoſition true in geometry. But theſe two triangu- 
lar figures being altogether like each other and equal; as EK 
is equal to EI, fo EL is equal to EH, and KL equal to HI. 
Now the body after its return to E being turned out of the line 
FE into ED by an impulſe acting upon it in E, after the man- 
ner above expreſſed; the body will receive ſuch a velocity by 
this impulſe, as will carry it through E Lin the ſame time, as it 
would have imployed in paſſing through EK, if it had gone 
on in that line undiſturbed. And it has already been obſerv- 
ed, that the time, in which the body would paſs over EK 
with the velocity wherewith it returns, is equal to the time 
it took up in going forward from E to I; that is, equal to the 
time, in which it would have gone through EH with the ve- 
locity, wherewith it moved from D to E. Therefore the time, 
in which the body will paſs through EL after its return into 
the line ED, is the fame, as would have been taken up by. 
the body in paſſing through EH with the velocity, where- 
with the body firſt moved in the line DE. Since therefore 
EL and EH are equal, the body returns into the line D E with 
the velocity, which it had before in that line. Again I ſay, 

the ſecond impulſe in E is equal to the. firſt, By what has 


2 Viz, L. I. prop. 30, 29, & 25. 
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been faid on the ſecond law of motion concerning the effec of 
oblique impulſes?, it will be underſtood, that the impulſe i in E, 
whereby the body was turned out of the line DE into the line 
EF, is of ſuch ſtrength, that if the body had been at reſt, 
when this impulſe had acted upon it, this impulſe would have 
communicated ſo much motion to the body, as would have 
carried it through a length equal to HI, in the time wherein 
the body would have paſſed from E to H, or in the time 
wherein it paſſed from E to I. In the ſame manner, on the re- 
turn of the body, the impulſe 1 in E, whereby the body is turn- 

ed out of the line FE into ED, is of ſuch ſtrength, that if it 
had ated on the body at reſt, it would have cauſed the body 
to move through a length equal to K L, in the fame time, as 
the body would imploy in paſſing through EK with the velo- 
city, wherewith it returns in the line FE. Therefore the ſe- 
cond impulſe, had it ated on the body at reſt, would have 
cauſed it to move through a length equal to KL in the ſame 
ſpace of time, as would be taken up by the body in paſſing 
through a length equal to HI, were the firſt impulſe to act on 
the body when at reſt. That is, the effects of the firſt and 
ſecond impulſe on the body when at reſt would be the fame; 


for KL and HI are equal: conſequently the ſecond impulſe 
is equal to the firſt. 


II. THvs if the body be returned through FE with the 
velocity, wherewith it moved forward; we have ſhewn how 


by the repetition ef the impulſe, which acted on it at E, the 
»* Ch. II. $21, 22. 


body 
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body will return again into the line DE with the velocity, 
which it had before in that line. By the ſame proceſs of rea- 
ſoning it may be proved, that, when the body is returned 
back to D, the impulſe, which before acted on the body at 
that point, will throw the body into the line D C with the ve- 
locity, which it firſt had in that line; and the other impulſes 
being ſucceſſively repeated, the body will at length be brought 
back again into the line B A with the velocity, wherewith it 
ſet out in that line. 


12. THus theſe impulſes, by acting over again in an invert- 
ed order all their operation on the body, bring it back again 
through the path, in which it had proceeded forward. And 
this obtains equally, whatever be the number of the ſtraight 
lines, whereof this curve figure is compoſed. Now by a me- 
thod of reaſoning, which Sir IS AAC NEW TON makes great 
uſe of, and which he introduced into geometry, thereby 
greatly inriching that ſcience *; we might make a tranſition 
from this figure compoſed of a number of ſtraight lines to a 
figure of one continued curvature, and from a number of ſe- 
parate impulſes repeated at diſtinct intervals to a continual 
centripetal force, and ſhew, that, becauſe what has been 
here advanced holds univerſally true, whatever be the num- 
ber of ſtraight lines, whereof the curve figure ACF is com- 
poſed, and howſoever frequently the impulſes at the angles of 
this figure are repeated; therefore the ſame will ſtill remain 
true, although this figure ſhould be converted into one of a 
continued curvature, and theſe diſtin& impulſes ſhould be 


= viz. His doctrine of prime and ultimate ratios. 
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into a continual centripetal force. But as the explain 
ing this method of reaſoning is foreign to my preſent deſign; 
fo I hope my readers, after what has been ſaid, will find no 
difficulty in receiving the propoſition laid down above: that, if 
the body, which has moved through the curve line B H I (in fig. 
74.) from to I, when it is come to I, be throw directly back 
with the ſame velocity as that, wherewith it proceeded forward, 
the centripetal force, by acting over again all its operation on 
the body, ſhall bring the body back again in the line IH B: 
and as the motion of the body in its courſe from ; to I was eve- 
ry where in ſuch a manner oblique to the line drawn from the 
center to the body, that the centripetal power acted in fome 
degree againſt the body's motion, and gradually diminiſhed it; 
ſo in the return of the body, the centripetal power will every 
where draw the body forward, and accelerate its motion by 
the ſame degrees, as before it retarded it. 
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13. T xs being agreed, ſuppoſe the body in K to have the 
line AK no longer obliquely inclined to its motion. In this caſe, 
if the body be turned back, in the manner we have been con- 
ſidering, it muſt be directed back perpendicularly to AK. 
But if it had proceeded forward, it would likewiſe have mov- 
ed in a direction perpendicular to AK ; conſequently, whe- 
ther it move from this point K backward or forward, it muſt 
deſcribe the ſame kind of courſe. Therefore ſince by being 
turned back it will go over again the line KH B; if it be per- 
mitted to go forward, the line KL, which it ſhall deſcribe, 
will be . ſimilar to the line K H B. 


4. IN 
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14. Ix like manner we may determine the nature of the 
motion, if the line, wherein the body ſets out, be inclined (as 
in fig. 76.) down toward the line B A drawn between the 
body and the center. If the centripetal power ſo much in- 
creaſes in ſtrength, as the body approaches, that it can bend 
the path, in which the body moves, to that degree, as to cauſe 
all the lines as AH, AI, AK to remain no leſs oblique to the 
motion of the body, than AB is oblique to BC; the body 
ſhall continually more and more approach the center. But 
if the centripetal power increaſes in ſo much leſs a degree, as 
to permit the line drawn from the center to the body, as it ac- 
companies the body in its motion, at length to become more 
and more erect to the curve wherein the body moves, and in 
the end, ſuppoſe at K, to become perpendicular thereto; from 
that time the body ſhall riſe again. This is evident from what 
has been faid above; becauſe for the very ſame reaſon here alſo 
the body ſhall proceed from the point K to deſcribe a line alto- 
gether ſimilar to the line, in which it has moved from B to k. 
Thus,as it was obſerved of the pendulum in the preceding chap- 
ter, that all the time it approaches towards being perpendicu- 
lar to the horizon, it more and more deſcends; but, as ſoon as it 
is come into that perpendicular ſituation, it immediately riſes 

again by the ſame degrees, as it deſcended by before: ſo here 
the body more and more approaches the center all the time it 
is moving from B to K; but thence forward it riſes from the 


center again by the ſame degrees, as it approached by before. 
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I 5. Ir (in fig. /. ) the line B C be perpendicular to AB; then 
it has been obſerved above , that the centripetal power may 
be ſo balanced with the progreſſive motion of the body, that 
the body may keep moving round the center A conſtantly at 
the ſame diſtance; as a body does, when whirled about any 
point, to which it is tyed by a ſtring. If the centripetal power 
be too weak to produce this effect, the motion of the body 
will preſently become oblique to the line drawn from itſelf to 
the center, after the manner of the firſt of the two caſes, 
which we have been conſidering. If the centripetal power 
be ſtronger, than what is required to carry the body in a cir- 
cle, the motion of the body will preſently fall in with the ſe- 
cond of the caſes, we have been conſidering, 


16. Ir the centripetal power ſo change with the change of 
diſtance, that the body, after its motion has become oblique 
to the line drawn from itſelf to the center, ſhall again become 
perpendicular thereto ; which we have ſhewn to be poſſible 
in both the caſes treated of above ; then the body ſhall in its 
ſubſequent motion return again to the diſtance of AB, and 
from that diſtance take a courſe ſimilar to the former: and 
thus, if the body move in a ſpace free from all refiſtance, 
which has been here all along ſuppoſed ; it ſhall continue in 
a perpetual motion about the center, deſcending and aſcend- 
ing alternately therefrom. If the body ſetting out from B (in 
fig. 78.) in the line BC perpendicular to AB, deſcribe the line 

BDE, which in D ſhall be oblique to the line AD, but in E 


$ 3. 
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ſhall again become erect to AE drawn from the body in E to the 
center A; then from this point E the body ſhall deſcribe the 
line EFG altogether like to the line B DE, and at G ſhall be 
at the ſame diſtance from A, as it was at B. But likewiſe the 
line AG ſhall be erect to the body's motion. Therefore the 
body ſhall proceed to deſcribe from G the line GHI altoge- 
ther ſimilar to the line G FE, and at I have the ſame diſtance 
from the center, as it had at E; and alſo have the line AI erect 
to its motion: ſo that its following motion muſt be in the line 
IKL ſimilar to IH G, and the diſtance A L equal to AG. Thus 
the body will go on in a perpetual round without ceaſing, al- 


ternately inlarging and contracting its diſtance from the center. 


17. Ir it ſo happen, that the point E fall upon the line BA 
continued beyond A; then the point G will fall on B, I on E, 
and L alſo on B; ſo that the body will deſcribe in this caſe a 
ſimple curve line round the center A, like the line B D E F in 
fig. 79, in which it will continually revolve from B to E 
and from E to B without end. 


18. Ir AE in fig. 78 ſhould happen to be perpendicular 
to AB, in this caſe alſo a ſimple line will be deſcribed; for the 
point G will fall on the line BA prolonged beyond A, the 
point I on the line AE prolonged beyond A, and the point L 
on B: ſo that the body will deſcribe a line like the curve line 
BEGI in fig. 80, in which the oppoſite points B and G 
are equally diſtant from A, and the oppoſite points E and 1 
are alſo equally diſtant from the ſame point A. 


19. IN 
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19. Ix other caſes the line deſcribed will have a more 


complex figure. 


20. Tus we have endeavoured to ſhew how a body, 
while it is conſtantly attracted towards a center, may notwith- 
ſtanding by its progreſſive motion keep it ſelf from falling 
down to that center; but deſcribe about it an endleſs circuit, 
ſometimes approaching toward that center, and at other 
times as much receding from the ſame. 


21. Bor here we have ſuppoſed, that the centripetal power 
is of equal ſtrength every where at the ſame diſtance from the 
center. And this is the caſe of that centripetal power, which 
will hereafter be ſhewn to be the cauſe, that keeps the planets 
in their courſes. But a body may be kept on in a perpetual 
circuit round a center, although the centripetal power have 
not this property. Indeed a body may by a centripetal force 
be kept moving in any curve line whatever, that ſhall have its 
concavity turned every where towards the center of che force. 


22. To make this evident I ſhall firſt —_ the caſe of a 
body moving through the incurvated figure ABCDE (in fig. 81.) 
which is compoſed of the ftraight lines A B, BC, CD, DE, and 
EA; the motion being carried on in the following manner. 
Let the body firſt move in the line A Bwith any uniform velo- 
city. When it is arrived at the point B, let it receive an im- 
pulſe directed toward any point F taken within the figure; 
and let the impulſe be of that ſtrength as to turn the body out 
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of the line AB into the line BC. The body after this im- 

pulſe, while left to itſelf, wilt continue moving in the line BC. 
At C let the body receive another impulſe directed towards 

the ſame point E, of ſuch ſtrength, as to turn the body from 
the line B C into the line CD. At D let the body by another 

impulſe, directed likewiſe to the point E, be turned out of the 

line CD into DE. And at E let another impulſe, directed to- 

ward the point F, turn the body from the line DE into E A: 

Thus we ſee how a body may be carried through the figure 
ABCDE by certain impulſes directed always toward the ſame 

center, only by their acting on the body at proper intervals, 
and with due degrees of ſtrength. 


22. Bur farther, when the body is come to the point A, if 
it there receive another impulſe directed like the reſt toward the 
point E, and of ſuch a degree of ſtrength as to turn the body 
into the line AB, wherein it firſt moved ; I fay that the body 
ſhall return into this line with the ſame velocity, as it had at firſt. 


24. Let AB be prolonged beyond B at pleaſure, ſuppoſe to 
6; and from G let GH be drawn, which if produced ſhould 
always continue equidiſtant from BF, or, according to the 
more uſual phraſe, let GH be drawn parallel to BF. Then 
it appears, from what has been faid upon the ſecond law of 
motion*, that in the time, wherein the body would have moved 
from B to G, had it not received a new impulſe in B, by the 
means of that impulſe it will have acquired a velocity, which 
will carry it from B to H. After the fame manner, if CI be 
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taken equal to BH, and IK be drawn equidiſtant from or pa- 
rallel to CF; the body will have moved from C to K with the 
velocity, which it has in the line CD, in the fame time, as it 
would have employed in moving from C to I with the velocity, 
it had in the line BC. Therefore ſince CI and BH are equal, 
the body will move through CK in the ſame time, as it would 
have taken up in moving from B to G with the original velo- 
city, where with it moved through the line AB. Again, DL 
being taken equal to CK and LM drawn parallel to DF ; for 
the ſame reaſon as before the body will move through DM with 
the velocity, which it has in the line DE, in the fame time, 
as it would imploy in moving through B G with its original ve- 
locity. In the laſt place, if EN be taken equal to DM, and 
NO be drawn parallel to EE; likewiſe if AP be taken equal 
to EO, and PQ be drawn parallel to A F: then the body with 
the velocity, wherewith it returns into the line A B, will paſs - 
through A Qin the ſame time, as it would have imployed in 
paſſing through BG with its original velocity. Now as all 
this follows directly from what has above been delivered, con- 
cerning the effect of oblique impulſes impreſſed upon bodies 
in motion; fo we muſt here obſerve farther, that it can be 
proved by geometry, that AQ will always be equal to BG. 
The proof of this I am obliged, from the nature of my pre- 
ſent deſign, to omit ; but this geometrical propoſition being 
granted, it follows, that the body has returned into the line 
AB with the velocity, which it had, when it firſt moved in 
that line; for the velocity, with which it returns into the line 
AB, will carry it over the line AQ in the ſame time, as would 

2 have 
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have been taken up in its paſſing over an equal line BG with 
the original velocity. 


25. Tus we have found, how a body may be carried round 
the figure ABC DE by the action of certain impulſes upon it, 
which ſhould all be pointed toward one center. And we like- 
wiſe ſee, that when the body is brought back again to the 
point, whence it firſt ſet out; if it there meet with an im- 
pulſe ſufficient to turn it again into the line, wherein it mov- 
ed at firſt, its original velocity will be again reſtored ; and by 
the repetition of the ſame impulſes, the body will be carried 
again in the ſame round. Therefore if theſe impulſes, which 
act on the body at the points B, C, D, E, and A, continue al- 
ways the ſame, the body will make round this figure innu- 


merable revolutions. 


26. Tux proof, which we have here made uſe of, holds the 
ſame in any number of ſtraight lines, whereof the figure ABD 
ſhould be compoſed ; and therefore by the method of reaſoning 
referred to above we are to conclude, that what has here 
been ſaid upon this rectilinear figure, will remain true, if this 
figure were changed into one of a continued curvature, and 
inſtead of diſtinct impulſes acting by intervals at the angles of 
this figure, we had a continual centripetal force. We have 
therefore ſhewn, that a body may be carried round in any 
curve figure ABC ( fig. 82.) which ſhall every where be 
concave towards any one point as D, by the continual action 
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of a centripetal power directed to that point, and when it is 
returned to the point, from whence it ſet out, it ſhall recover 
again the velocity, with which it departed from that point. 
It is not indeed always neceſſary, that it ſhould return again 
into its farſt courſe ; for the curve line may have ſome ſuch 
figure as the line ABCDBE in fig. 83. In this curve line, 
if the body ſet out from B in the direction BF, and moved 
through the line BCD, till it returned to B; here the body 
would not enter again into the line BCD, becauſe the two 
parts BD and BC of the curve line make an angle at the point 
B: fo that the centripetal power, which at the point B could 
turn the body from the line BF into the curve, will not be 
able to turn the body into the line B C from the direction, in 
which it returns to the point B; a forceable impulſe muſt be 
given the body in the point B to produce that effect. | 


27. Ir at the point B, whence the body ſets out, the curve 
line return into it ſelf (as in fig. 82. ; ) then the body, up- 
on its arrival again at B, may return into its former courſe, 
and thus make an endleſs circuit about the center of the cen- 
tripetal power. 


28. WHA x has here been ſaid, I hope, will in ſome mea- 
ſure enable my readers to form a juſt idea of the nature of 
theſe centripetal motions. | 


29. IHA not attempted toſhew, how to find particular- 
ty, what kind of centripetal force is neceſſary to carry a body in 
| any curve line propoſed, 'This is to be deduced from the de- 
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gree of curvature, which the figure has in each point of it, 
and requires a long and complex mathematical reaſoning, 
However I ſhall ſpeak a little to the firſt propoſition, which 
Sir Isaac NEW TON lays down for this purpoſe. By this 
propoſition, when a body is found moving in a curve line, it 
may be known, whether the body be kept in its courſe by a 
power always pointed toward the ſame center; and if it be ſo, 
where that center is placed. The propoſition is this: that if 
a line be drawn from ſome fixed point to the body, and re- 
maining by one extream united to that point, it be carried 
round along with the body; then, if the power, whereby 
the body is kept in its courſe, be always pointed to this fixed 
point as a center, this line will move over equal ſpaces in equal 
portions of time. Suppoſe a body were moving through the 
curve line AB CD (in fig. 84.) and paſſed over the arches A B, 
BC, CD in equal portions of time; then if a point, as E, can 
be found, from whence the line E A being drawn to the body 
in A, and accompanying the body in its motion, it ſhall make 
the. ſpaces EAB, EBC, and ECD equal, over which it paſ- 
ſes, while the body deſcribes the arches AB, BC, and CD : 
and if this hold the fame in all other arches, both great and 
ſmall, of the curve line ABCD, that theſe ſpaces are always 
equal, where the times are equal; then is the body kept in 
this line by a power always pointed to E as a center, 


30. Tun principle, upon which Sir Is AAC NEW TON has 
demonſtrated this, requires but ſmall skill in geometry to com- 
prehend. I ſhall therefore take the liberty to cloſe the pre- 
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ſent chapter with an explication of it; becauſe ſuch an exam- 
ple will give the cleareſt notion of our author's method of ap- 
plying mathematical reaſoning to theſe philoſophical ſubjects. 


31. H x reaſons thus. Suppoſe a body ſet out from the point 
A (in fig. 8 5.) to move in the ſtraight line AB; and after it 
had moved for ſome time in that line, it were to receive an 
impulſe directed to ſome point as C. Let it receive that im- 
pulſe at D; and thereby be turned into the line DE; and let 
the body after this impulſe take the ſame length of time in 
paſſing from D to E, as it imployed in the paſſing from A to 
D.. Then the ſtraight lines CA, CD, and CE being drawn, 
Sir Is AAC NEwToN proves, that the and triangular ſpaces 


CAD and CDE are equal. This he does in the following, 
manner. 


32. LET EF be drawn parallel to CD. Then, from what has 
been ſaid upon the ſecond law of motion *, it is evident, that 
fince the body was moving in the line AB, when it received 
the impulſe in the direction DC; it will have moved after 
that impulſe through the line DE in the ſame time, as it would 
have taken up in moving through DF, provided it had re- 
ceived no diſturbance in D. But the time of the body's mov- 
ing from D to E is ſuppoſed to be equal to the time of its mov- 
ing through AD; therefore the time, which the body would 
have imployed in moving through DF, had it not been di- 
ſturbed in D, is equal to the time, wherein it moved through 
AD: conſequently DF is equal in length to AD; for if the 

Ch. 1. ſect. 21, 22. 


body 
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body had gone on to move through the line A B without in- 
terruption, it would have moved through all parts thereof 
with the ſame velocity, and have paſſed over equal parts of 
that line in equal portions of time. Now CF being drawn, 
ſince ADand P F are equal, the triangular ſpace CDF is equal 
to the triangular ſpace CAD. Farther, the line EF being: 
parallel to CD, it is proved by Eucr 1D, that the triangle 
CED is equal to the triangle CFD *: therefore the triangle 
CED is equal to the triangle CAD. 


33. AFTER the ſame manner, if the body receive at E ano-- 
ther impulſe directed toward the point C, and be turned by 
that impulſe into the line E; if it move afterwards from E to 
Gin the ſame ſpace of time, as was taken up by its motion from 
D to E, or from A to D; then CG being drawn, the triangle 
CEG-.is equal to CDE. A third impulſe at G directed as the 
two former to C, whereby the body ſhall be turned into the 
line GH, will have alſo the like effect with the reſt. If the 
body move over GH in the ſame time, as it took up in mov- 
ing over EG, the triangle CGH will be equal to the triangle 
CEG. Laſtly, if the body at H be turned by a freſh impulſe 
directed toward C into the line HI, and at I by another im- 
pulſe directed alſo to C be turned into the line IK; and if the 
body move over each of the lines HI, and IK in the ſame 
time, as it imployed in moving over each of the preceding 
lines AD, DE, EG, and GH: then each of the triangles 
CHI, and CIE will be equal to each of the preceding. Like- 


2 Elem, Bock I. p. 37. 
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wiſe as the time, in which the body moves over ADE, is 
equal to the time of its moving over EG H, and to the time 
of its moving over HI K; the ſpace CADE will be equal to 
the ſpace CE GH, and to the ſpace CH IK. In the ſame 
manner as the time, in which the body moved over ADEG 
is equal to the time of its moving over GHIK, ſo the ſpace 
CADEG will be equal to the ſpace CG HIK. 


34. FrowthisprincipleSirIsaacNEwrTondemonſtrates 
the propoſition mentioned above, by that method of arguing 
introduced by him into geometry, whereof we have before 
taken notice, by making according to the principles of that 
method a tranſition from this incurvated figure compoſed of 
ſtraight lines, to a figure of continued curvature ; and by 
ſhewing, that ſince equal ſpaces are deſcribed in equal times 
in this preſent figure compoſed of ſtraight lines, the fame re- 
lation between the ſpaces deſcribed and the times of their de- 
ſcription will alſo have place in a figure of one continued 
curvature. He alſo deduces from this propoſition the reverſe 
of it; and proves, that whenever equal ſpaces are continu- 
ally deſcribed ; the body is acted upon by a centripetal force 
directed to the center, at which the ſpaces terminate. 


a C 12, 
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CN AP. IV. 
Of the RESISTANCE of FLUIDS. 


B* FORE the cauſe can be diſcovered, which keeps the 
planets in motion, it is neceſſary firſt to know, whe- 
ther the ſpace, wherein they move, is empty and void, or fil- 
led with any quantity of matter. It has been a prevailing 
opinion, that all ſpace contains in it matter of ſome kind or 
other; ſo that where no ſenſible matter is found, there was 
yet a ſubtle fluid ſubſtance by which the ſpace was filled up; 
even ſo as to make an abſolute plenitude. In order to exa- 
mine this opinion, Sir IS AAC NEwrToN has largely conſi- 


dered the effects of fluids upon bodies moving in them. 


2. THzsz effects he has reduced under theſe three heads. 

In the firſt place he ſhews how to determine in what manner 
the reſiſtance, which bodies ſuffer, when moving in a fluid, 
gradually increaſes in proportion to the ſpace, they deſcribe 
in any fluid; to the velocity, with which they deſcribe it; 
and to the time they have been in motion. Under the ſe- 
cond head he conſiders what degree of reſiſtance different 
bodies moving in the ſame fluid undergo, according to the 
different proportion between the denſity of the fluid and the 
denſity of the body. The denſities of bodies, whether fluid 
or ſolid, are meaſured by the quantity of matter, which is 
comprehended under the ſame magnitude ; that body being 
the 
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the moſt denſe or compact, which under the ſame bulk con- 
tains the greateſt quantity of ſolid matter, or which weighs 
moſt, the weight of every body being obſerved above to be 
proportional to the quantity of matter in it. Thus water is 
-more denſe than cork or wood, iron more denſe than water, 
and gold than iron. The third particular Sir Is. NR w TON 
conſiders concerning the reſiſtance of fluids is the influence, 
which the diverſity of — in the reſiſted body has upon its 


reſiſtance. 


3. Fox the more perfect illuſtration of the firſt of theſe 
heads, he diſtinctly ſhews the relation between all the parti- 
culars ſpecified upon three different ſuppoſitions. The firſt 
is, that the ſame body be reſiſted more or leſs in the ſimple 
proportion to its velocity; ſo that if its velocity be doubled, 
its reſiſtance ſhall become threefold. The ſecond is of the 
reſiſtance increaſing in the duplicate proportion of the velo- 
city; ſo that, if the velocity of a body be doubled, its reſi- 
ſtance ſhall be rendered four times; and if the velocity be 
trebled, nine times as great as at firſt. But what is to be un- 
derſtood by duplicate proportion has been already explain- 
ed b. The third ſuppoſition is, that the reſiſtance increaſes 


partly in the ſingle proportion of the velocity, and partly in 
the duplicate proportion thereof. 


WET TY theſe ſuppoſitions, bodies are conſidered under 
two reſpects, either as moving, and oppoſing themſelves 


= Ch. 1.5 24. b Ch. 2. ſelect. 17. 


againſt 
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againſt the fluid by that power alone, which is eſſential to 
them, of reſiſting to the change of their ſtate from reſt to 
motion, or from motion to reſt, which we have above cal- 
led their power of inactivity; or elſe, as deſcending or aſ- 
cending, and ſo having the power of gravity combined with 
that other power. Thus our author has ſhewn in all thoſe 
three ſuppoſitions, in what manner bodies are reſiſted in an 
uniform fluid, when they move with the aforeſaid progreſſive 
motion *; and what the reſiſtance is, when they aſcend or 
deſcend perpendicularly *. And if a body aſcend or deſcend 
obliquely, and the reſiſtance be ſingly proportional to the ve- 
locity, it is ſhewn how the body is refiſted in a fluid of an uni- 
form denſity, and what line it will deſcribe * which is de- 
termined by the meaſurement of the hyperbola, and ap- 
pears to be no other than that line, firſt confidered in par- 
ticular by Dr. Baxzow *, which is now commonly known 
by the name of the logarithmical curve. In the ſuppo- 
ſition that the reſiſtance increaſes in the duplicate propor- 
tion of the velocity, our author has not given us the line 
which would be deſcribed in an uniform fluid ; but has in- 
ſtead thereof diſcuſſed a problem, which is in ſome ſort the 
reverſe; to find the denſity of the fluid at all altitudes, by 
which any given curve line may be deſcribed ; which pro- 
blem is fo treated by him, as to be applicable to any kind of 

reſiſtance whatever ©. But here not unmindful of practice, 

he ſhews that a body in a fluid of uniform denſity, like the 


2 Newt. Princ. L. II. prop. 2; 5, 6,73 11, 12. | © Prælect. Geometr. pag. 123. 
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air, will deſcribe a line, which approaches towards an hy- 
perbola; that is, its motion will be nearer to that curve line 
than to the parabola. And conſequent upon this remark, he 
ſhews how to determine this hyperbola by experiment, and 
briefly reſolves the chief of thoſe problems relating to proje- 
ctiles, which are in uſe in the art of gunnery, in this curve *; 
as TORRICELLI and others have done in the parabola *, 
whoſe inventions have been explained at large above. 


5. Ou author has alſo handled diſtinctly that particu- 
lar ſort of motion, which is deſcribed by pendulums ; and 
has likewiſe conſidered ſome few caſes of bodies moving in 
reſiſting fluids round a center, to which they are impelled by 
a men force, in order to give an idea of thoſe kinds of 
motions *. | 


”— 


6. TRR treating of the 2 © IE of pendulums has giv- 
en him an opportunity of inſerting into another part of 
his work ſome ſpeculations upon the motions of them with- 
out reſiſtance, which have a very peculiar elegance; where 
in he treats of them as moved by a gravitation acting in 
the law, which he ſhews to belong to the earth below its 
ſurface * ; performing in this kind of gravitation, where the 
force is proportional to the diſtance from the center, all that 
HuyGENns had before done in the common ſuppoſition of 


its being uniform, and acting in parallel lines 5. 


Newton. Princ. Lib. II. prop 10. in ſchol. I. 
bd Torricelli de motu gravium. f See B. II. Ch. 6. 5. of this treatiſe 
© Ch. 2. F 85, &c. | Lib. I. ſect. 10 
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7. HuvoENs at the end of his treatiſe of the cauſe of 
gravity * informs us, that he likewiſe had carried his ſpecu- 
lations on the firſt of theſe ſuppoſitions, of the reſiſtꝭ ne in 
fluids being proportional to the velocity of the body, as far as 
our author. But finding by experiment that the ſecond was 
more conformable to nature, he afterwards made ſome pro- 
greſs in that, till he was ſtopt, by not being able to execute to his 
wiſh what related to the perpendicular deſcent of bodies; not 
obſerving that the meaſurement of the curve line, he made 
uſe of to explain it by, depended on the hyperbola. Which 
overſight may well be pardoned in that great man, conſi- 
dering that our author had not been pleaſed at that time to 
communicate to the publick his admirable diſcourſe of the 
QUADRATURE Or MEASUREMENT OF CURVE LINES, with which he 
has fince obliged the world: for without the uſe of that 
treatiſe, it is I think no injury even. to our author's unparal- 
leled abilities to believe, it would not have been eaſy for 
himſelf to have ſucceeded fo happily in this and many other 
parts of his writings. 


8. Wrar HuyGens found by experiment, that bodies 
were in reality reſiſted in the duplicate proportion of their ve- 
locity, agrees with the reaſoning of our author, who diſtin- 
guiſhes the reſiſtance, which fluids give to bodies by the tena- 
city of their parts, and the friction between them and the bo- 
dy, from that, which ariſes from the power of inactivity, with 
which the conſtituent particles of fluids are endued like all 


De la Peſanteur, pag. 169, and the following. | Newton. Princ. L. II. prop. 4. ſchol. 
V 2 other 
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other portions of matter, by which power the particles of fluids 
like other bodies make reſiſtance againſt being put into motion. 


9. Tux reſiſtance, which ariſes from the friction of the 
body againſt the parts of the fluid, muſt be very inconſidera- 
ble; and the reſiſtance, which follows from the tenacity of 
the parts of fluids, is not uſually very great, and does not 
depend much upon the velocity of the body in the fluid ; 
for as the parts of the fluid adhere together with a certain 
degree of force, the reſiſtance, which the body receives from 
thence, cannot much depend upon the velocity, with which 
the body moves; but like the power of gravity, its effect muſt 
be proportional to the time of its acting. This the reader 
may find farther explained by Sir IS AAC NRWT oN himſelf 
in the poſtſcript to a diſcourſe publiſhed by me in 1h YH o- 
SOPHICAL TRANSACTIONS, Ne 371. The principal reſiſtance, 
which moſt fluids give to bodies, ariſes from the power of 
inactivity in the parts of the fluids, and this depends upon the 
velocity, with which the body moves, on a double account. 
In the firſt place, the quantity of the fluid moved out of 
place by the moving body in any determinate ſpace of time 
1s proportional to the velocity, wherewith the body moves; 
and in the next place, the velocity with which each particle of 
the fluid is moved, will alſo be proportional to the velocity of 
the body : therefore ſince the reſiſtance, which any body makes 
againſt being put into motion, is proportional both to the quan- 
tity of matter moved and the velocity it is moved with ; the 
reſiſtance, which a fluid gives on this account, will be doubly in- 
creaſed with the increaſe of the velocity in the moving body; 

\ that 
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that is, the reſiſtance will be in a two-fold or duplicate propor- 
tion of the velocity, wherewith the body moves through the 
fluid. 


10. FARTHER it is moſt manifeſt, that this latter kind 
of reſiſtance increaſing with the increaſe of velocity, even 
in a greater degree than the velocity it ſelf increaſes, the 
{wifter the body moves, the lefs proportion the other ſpecies 
of reſiſtance will bear to this: nay that this part of the reſiſt- 
ance may be ſo much augmented by a due increaſe of velo- 
city, till the former reſiſtances ſhall bear a leſs proportion to 
this, than any that might be aſſigned. And indeed expe- 
rience ſhews, that no other reſiſtance, than what ariſes from 
the power of inactivity in the parts of the fluid, is of mo- 
ment, when the body moves with any conſiderable ſwiftneſs. 


Ii. THERE is beſides theſe yet another ſpecies of refiſt- 
ance, found only in ſuch fluids, as, like our air, are elaſtic. 
Elaſticity belongs to no fluid known to us beſide the air. By 
this property any quantity of air may be contracted into a 
leſs ſpace by a forcible preſſure, and as ſoon as the com- 
preſſing power is removed, it will ſpring out again to its 
former dimenſions. The air we breath is held to its preſent 
denſity by the weight of the air above us. And as this in- 
cumbent weight, by the mation of the winds,, ar other. cauſ- 
es, is frequently varied (which appears by the barometer ) 
fo when this weight is greateſt, we breath a more denſe air 
than at other times. To what degree the air would expand 
it ſelf by its ſpring, if all preſſure were removed, is not 

known, 


\ 
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known, nor yet into how narrow a compals it is capable 
of being compreſſed. Mr. BoyLs found it by experiment 


capable both of expanſion and compreſſion to ſuch a degree, 
that he could cauſe a quantity of air to expand it ſelf over a 
{pace ſome hundred thouſand times greater, than the ſpace to 
which he could confine the fame quantity . But 1 ſhall 
treat more fully of this ſpring in the air hereafter ®. I am 
now only to conſider what reſiſtance to the motion of bodies 
ariſes from it. 


12. Bor before our author ſhews in what manner this 
cauſe of reſiſtance operates, he propoſes a method, by which 
fluids may be rendered elaſtic, demonſtrating that if their 
particles be provided with a power of repelling each other, 
which thall exert it ſelf with degrees of ſtrength recipro- 
cally proportional to the diſtances between the centers of 
the particles ; - that then ſuch fluids will obſerve the ſame 
rule in being compreſſed, as our air does, which is this, that 
the ſpace, into which it yields upon compreſſion, is recipro- 
cally proportional to the compreſſing weight. The term 
reciprocally proportional has been explained above d. And if 
the centrifugal force of the particles acted by other laws, ſuch 
fluids would yield in a different manner to compreſſion *. 


13. WHETHER the particles of the air be endued with 
ſuch a power, by which they can act upon each other out 
of contact, our author does not determine; but leaves that 


2 Sce his Tract on the n rarifaction of | *© Princ. mz Lib. ah Prop. 23. 
the air. 4 Book I. Ch. 2. 
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to future examination, and to be diſcuſſed by philoſophers, 
Only he takes occaſion from hence to conſider the reſiſt- 
ance in elaſtic fluids, under this notion; making remarks, as 
he paſſes along, upon the differences, which will ariſe, if their 
elaſticity be derived from any other fountain. And this, I 
think, muſt be confeſſed to be done by him with great judg- 
ment; for this is far the moſt reaſonable account, which has 
been given of this ſurprizing power, as muſt without doubt be 
freely acknowledged by any one, who in the leaſt conſiders 
the inſufficiency of all the other conjectures, which have 
been framed; and alſo how little reaſon there is to deny to 
bodies other powers, by which they may act upon each other 
at a diſtance, as well as that of gravity ; which we ſhall here- 
after ſhew to be a property univerſally belonging to all the 
bodies of the univerſe, and to all their parts. Nay we actu- 
ally find in the loadſtone a very apparent repelling, as well as 


an attractive power. But of this more in the concluſion of 
this diſcourſe. 


I4. By theſe ſteps our author leads the way to explain 
the reſiſtance, which the air and ſuch like fluids will give 
to bodies by their elaſticity; which reſiſtance he explains 
thus. If the elaſtic power of the fluid were to be va- 
ried ſo, as to be always in the duplicate proportion of the 
velocity of the reſiſted body, it is ſhewn that then the 
reſiſtance derived from the elaſticity, would increaſe in the 
duplicate proportion of the velocity; in ſo much that the 


» Princ. philoC. Lib, II. prop. 33. corel. 1 Lib. II. Ch. 3. 


whole 
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whole reſiſtance would be in that proportion, excepting on- 
ly that ſmall part, which ariſes from the friction between the 
body and the parts of the fluid. From whence it follows, 
that becauſe the elaſtic power of the ſame fluid does in 
truth continue the ſame, if the velocity of the moving body be 
diminiſhed, the reſiſtance from the elaſticity, and therefore 
the whole reſiſtance, will decreaſe in a leſs proportion, than the 
duplicate of the velocity; and if the velocity be increaſed, the 
reſiſtance from the elaſticity will increaſe in a leſs proportion, 
than the duplicate of the velocity, that is in a leſs proportion, 

than the reſiſtance made by the power of inactivity of the 
parts of the fluid. And from this foundation is raiſed the proof 
of a property of this reſiſtance, given by the elaſticity in com- 
mon with the others from the tenacity and friction of the 
parts of the fluid; that the velocity may be increaſed, till this 
reſiſtance from the fluid's elaſticity ſhall bear no conſiderable 
proportion to that, which is produced by the power of inacti- 
wity thereof. From whence our author draws this conclu- 
ſion; that the reſiſtance of a body, which moves very ſwift- 
ly in an elaſtic fluid, is near the ſame, as if the fluid were 
not elaſtic; provided the elaſticity ariſes from the centrifugal 
power of the parts of the medium, as before explained, eſpeci- 
ally if the velocity be ſo great, that this centrifugal power 
ſhall want time to exert it ſelf ®. But it is to be obſerved, 

that in the proof of all this our author proceeds upon the fu p- 
poſition of this centrifugal power in the parts of the fluid; but 


if the elaſticity be cauſed by the expanſion of the parts in te 
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manner of wool compreſſed, and ſuch like bodies, by which 
the parts of the fluid will be in ſome meaſure entangled 
together, and their motion be obſtructed, the fluid will 
be in a manner tenacious, and give a reſiſtance upon that ac- 
count over and above. what depends upon its elaſticity on- 
ly*; and the reſiſtance derived from that cauſe is to be 
Judged of in the manner before ſet down. 


I 5. IT is now time to pals to the ſecond part of this theo- 
Ty; which is to aſſign the meaſure of reſiſtance, according 
to the proportion between the denſity of the body and the 
denſity of the fluid. What is here to be underſtood by the 
word denſity has been explained above. For this purpoſe 
as our author before conſidered two diſtinct caſes of bodies 
moving in mediums; one when they oppoſed themſelves to 
the fluid by their power of inactivity only, and another 
when by aſcending or deſcending their weight was com- 
bined with that other power : ſo likewiſe, the fluids them- 
ſelves are to be regarded under a double capacity; either 
as having their parts at reſt, and diſpoſed freely without re- 
ſtraint, or as being compreſſed together by their own 


weight, or any other cauſe. 


16. In the firſt caſe, if the parts of the fluid be wholly 
diſingaged from one another, fo that each particle is at liber- 
ty to move all ways without any impediment, it is ſhewn, 


that if a globe move in ſuch a fluid, and the globe and par- 
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ticles of the fluid are endued with perfect elaſticity ; ; fo that 
as the globe impinges upon the particles of it,, they ſhall 
bound off and ſeparate themſelves from the globe, with the 
fame velocity, with which the globe ſtrikes upon them; then 
the reſiſtance, which the globe moving with any known ve- 
locity ſuffers, is to be thus determined. From the velocity 
of the globe, the time, wherein it would move over two- 
third parts of its own diameter with that velocity,. will be 
known: And ſuch proportion as the denſity of the fluid bears 
to the denſity of the globe, the ſame the reſiſtance given to 
the globe will bear to the force, which acting, like the power 


of gravity, on the globe without intermiſſion during the ſpace 
of time now mentioned, would generate in the globe the 
ſame degre of motion, as that wherewith it moves in the 
fluid. But if neither the globe nor the particles of the 
fluid be elaſtic, ſo that the particles, when the globe: 
ſtrikes againſt them, do not rebound from it; then the 
reſiſtance will be but half ſo much*. Again, if the par- 
_ ticles of the fluid and the globe are imperfectly elaſtic, ſo 

that the particles will ſpring from the globe with part only 
of that velocity wherewith the globe impinges upon them; 
then the reſiſtance will be a mean between the two W 
ing caſes, approaching nearer to the firſt or ſecond, accor- 
ding as the elaſticity is more or leſs *. 


17. Tux elaſticity, which 1s here aſcribed to the parti- 
cles of the fluid, is not that power of repelling one another, 


2 Princ. philoſ. Lib. II. Prop. 3 5. . 
bid. * * | 
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when out of contact, by which, as has before been men- 
tioned, the whole fluid may be rendred elaſtic ; but fuch 
an elaſticity only, as many ſolid bodies have of recovering 
their figure, whenever any forcible change is made in it, by 
the impulſe of another body or otherwiſe. Which elaſticity 
has been explained above at large *. 


18. Tris is the caſe of diſcontinued fluids, where the bo- 
dy, by preſling againſt their particles, drives them before 
itſelf, while the ſpace behind the body is left empty. But 
in fluids which are compreſſed, fo that the parts of them re- 
moved out of place by the body reſiſted immediately retire 
behind the body, and fill that ſpace, which in the other caſe 
is left vacant, the reſiſtance is {till leſs ; for a globe in ſuch a 
fluid which ſhall be free from all elaſticity, will be reſiſted 
but half as much as the leaſt refiſtance in the former caſe b. 
But by elaſticity I now mean that power, which renders the 
whole fluid ſo; of which if the compreſſed fluid be poſſeſſed, 
in the manner of the air, then the reſiſtance will be greater 
than by the foregoing rule; for the fluid being capable in ſome 
degree of condenſation, it will reſemble ſo far the caſe of un- 
compreſſed fluids ©. But, as has been before related, this dif- 
ference is moſt conſiderable in ſlow motions. 


I9. In the next place our author is particular in deter- 
mining the degrees of reſiſtance accompanying bodies of 
different figures; which is the laſt of the three heads, we 


*h.1.\ 29. | I coroll. 1. of prop. 35. 
» Princ. philoſ. Lib. II. Prop. 38, compared with! L. II. Lem. 7. ſchol. pag. 341. 
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divided the whole diſcourſe of reſiſtance into. And in this 
diſquiſition he finds a very ſurprizing and unthought of dif- 
ference, between free and compreſſed fluids. He proves, 
that in the former kind, a globe ſuffers but half the reſiſt- 
ance, which the cylinder, that circumſcribes the globe, will 
do, if it move in the direction of its axis. But in the lat- 
ter he proves, that the globe and cylinder are refifted a- 
like *. And in general, that let the ſhape of bodies be 
ever ſo different, yet if the greateſt ſections of the bodies 


perpendicular to the axis of their motion be equal, the 
bodies will be reſiſted equally © b 


20. PURSUANT to the difference found between tlie re- 
ſiſtance of the globe and cylinder in rare and uncompreſſed 
fluids, our author gives us the reſult of ſome other inquiries 
of the ſame nature. Thus of all the fruſtums of a cone, 
that can be deſcribed upon the ſame baſè and with the ſame 
altitude, he ſhews how to find that, which of all others 
will be the leaſt reſiſted, when moving in the direction of 
its axis . And from hence he draws an eaſy method of al- 
tering the figure of any ſpheroidical ſolid, ſo that its capa- 
city may be enlarged, and yet the reſiſtance of it diminiſh- 
ed ©: a note which he thinks may not be uſeleſs to ſhip- 
wrights. He concludes with determining the ſolid, which 
will be reſiſted the leaſt that is poſſible, in theſe diſcontinued 
fluids . 


Lib. II. Pro 4 ſchol. 
d Lib. II. — 75 3415 | „Med. * 
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21. THAT I may here be underſtood by readers unac- 
quainted with mathematical terms, I ſhall explain what I 
mean by a fruſtum of a cone, and a ſpheroidical ſolid: A 
cone has been defined above. A fruſtum is what remains, 
when part of the cone next the vertex is cut away by a ſec- 
tion parallel to the-baſe of the cone, as in fig. 86. A ſpheroid 
is produced from an ellipſis, as a ſphere or globe is made 
from a circle. If a circle turn round on its diameter, it de- 
ſcribes by its motion a ſphere; ſo if an ellipſis (which figure 
has been defined above, and will be more fully explained 
hereafter *) be turned round either upon the longeſt os 
ſhorteſt line, that can be drawn through the middle of it, 
there will be deſcribed a kind of oblong or flat ſphere, as 
in fig. 87. Both theſe figures are called ſpheroids, and any 
ſolid reſembling theſe I here call ſpheroidical. 


22. Ir it ſhould be asked, how the method of altering” 
ſpheroidical bodies, here mentioned, can contribute to the 
facilitating a ſhip's motion, when I juſt above affirmed, 
that the figure of bodies, which move in a compreſſed 
fluid not elaſtic, has no relation to the augmentation or di- 
minution of the reſiſtance; the reply is, that what was 
there ſpoken relates to bodies deep immerged into ſuch flu- 
ids, but not of thoſe, which ſwim upon the ſurface of them; 
for in this latter caſe the fluid, by the appulſe of the an- 
terior parts of the body, is raiſed above the level of the 
ſurface, and behind the body is ſunk ſomewhat below; ſo» 


/ 
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that by this inequality in the ſuperficies of the fluid, that 
part of it, which at the head of the body is higher than 
the fluid behind, will reſiſt in ſome meaſure after the 
manner of diſcontinued fluids *, analogous to what was be- 
fore obſerved to happen in the air through its elaſticity, 
though the body be ſurrounded on every fide by it. And 
as far as the power of theſe cauſes extends, the figure of the 
moving body affects its reſiſtance ; for it is evident, that the 
figure, which preſſes leaſt directly againſt the parts of the fluid, 
and fo raiſes leaſt the ſurface of a fluid not elaſtic, and leaſt 
compreſſes one that is elaſtic, will be leaſt reſiſted. 


23. Tur way of collecting the difference of the reſiſtance 
in rare fluids, which ariſes from the diverſity of figure, is 
by conſidering the different effect of the particles of the fluid 
upon the body moving againſt them, according to the diffe- 
rent obliquity of the ſeveral parts of the body upon which 
they reſpectively ſtrike ; as it is known, that any body im- 
pinging againſt a plane obliquely, ſtrikes with a leſs force, 
than if it fell upon it perpendicularly; and the greater the 
_ obliquity is, the weaker is the force. And it is the fame 
thing, if the body be at reſt, and the plane move againſt it ©. 


24. THAT there is no connexion between the figure 
of a body and its reſiſtance in compreſſed fluids, is proved 
thus. Suppoſe AB CD (in fig. 88.) to be a canal, having ſuch a 
fluid, water for inſtance, running through it with an equable 


Vid. Newt; princ. in ſchol. to Lem. 7, of b Se. 17. of this chapter. 
Lab.1I. pag. 341. 


e See Princ. philoſ. Lib. II. prop.34. 
velocity; 


Cuar. 4. PHILOSOPHY. 139 


velocity; and let any body E, by being placed in the axis 
of the canal, hinder the paſſage of the water. It is evi- 
dent, that the figure of the fore part of this body will 
have little influence in obſtructing the water's motion, but 
the whole impediment will ariſe from the ſpace taken up 
by the body, by which it diminiſhes the bore of the ca- 
nal, and ſtraightens the paſſage of the water . But pro- 
portional to the obſtruction of the water's motion, will be 
the force of the water upon the body E. Now ſuppoſe 
both orifices of the canal to be cloſed, and the water in it 
to remain at reſt; the body E to move, ſo that the parts: 
of the water may paſs by it with the ſame degree of velocity, 
as they did before; it is beyond contradiction, that the preſ- 
ſſure of the water upon the body, that is, the reſiſtance 
it gives to its motion, will remain the ſame; and there- 


fore will have little connexion with the figure of the body e. 


25. By a method of reaſoning drawn from the fame foun- 
tain is determined the meaſure of reſiſtance theſe compreſſed 
fluids give to bodies, in reference to the proportion between 
the denſity of the body and that. of the fluid. This ſhall be 
explained particularly in my comment on Sir I's. NRW/ To's 
mathematical principles of natural philoſophy; but is not a 
proper ſubject to be inſiſted on farther in this place. 


26. Wx have now gone through all the parts of this 
theory. There remains nothing more, but in few words to 
mention the experiments, which our author has made, both 


vid. Princ. philoſ. Lib, II. Lem. 5. p.314. Lemm. 6 | Ibid. 7, 
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1 bodies falling perpendicularly through water, and the 

and with pendulums b: all which agree with the theory. 
In che caſe of falling bodies, the times of their fall determin- 
ed by the theory come out the ſame, as by obſervation, to a 
ſurprizing exactneſs; in the pendulums, the rod, by which 
the ball of the pendulum hangs, ſuſſers refiſtance as well as 
the ball, and the motion of the ball being reciprocal, it com- 
municates ſuch a motion to the fluid, as increaſes the reſiſt- 
ance; but the deviation from the theory is no. more, than 


what may reaſonably follow from theſe cauſes. 


27. By this theory of the reſiſtance of flujds, and theſe ex- 
periments, our author decides the queſtion ſo long agitated 
among natural philoſophers, whether all ſpace is abſolutely 
full of matter. The Ariſtotelians and Carteſians both aſſert 
this plenitude ; the Atomiſts have maintained the contrary. 
Our author has choſe to determine this queſtion by his theory 
of reſiſtance, as ſhall be explained in the following chapter. 


2 Newt. Princ. Lib. II. prop. 40. in ſchol. | d Lib. II. ia ſchol. poſt prop. 31. 
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That the Planets move in a ſpace empty of 
all ſenſible matter 


— — HAVE now gone through the 
3. , firſt part of my deſign, and have ex- 
be, as far as the nature of my 
— ; 4 ndertaking would permit, what 
— 9 e Nx wr ON has delivered 
2 in general concerning the motion 
af bodies. It follows now to ſpeak 
of the diſcoveries, he has made in the ſyſtem of the world; 
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and to ſhew from him what cauſe keeps the heavenly bo- 

dies in their courſes. But it will be neceſſary for the uſe of 
ſuch, as are not skilled in aſtronomy, to premiſe a brief de- 
Ln Hoes of the planetary ſyſtem. 
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*: Turs gem i is diſpoſed i in the following manner. In 
the middle is placed the fun. About him fix globes con- 
tinually roll. Theſe are the primary planets; that which 
is neareſt to the ſun is called Mercury, the next Venus, 
next to this is our earth, the next beyond is Mars, after 
him Jupiter, and the outermoſt of all Saturn. Beſides theſe 
there are diſcovered in this ſyſtem ten other bodies, which 
move about ſome of theſe primary planets in the ſame 
manner, as they move round the fun. Theſe are called 
ſecondary planets. The moſt conſpicuous of them is the 
moon, which moves round our earth; four bodies move in 
like manner round Jupiter ; and five mad Saturn. Thoſe 
which move about Jupiter and Saturn, are uſually called 
ſatellites; and cannot any of them be ſeen without a te- 
leſcope. It is not. impoſſible, but there may be more ſe- 
condary planets, beſide theſe ; though our inſtruments 
have not yet diſcovered. any other. This diſpoſition of 
the planetary or ſolar ſyſtem is repreſented in fig. 89. 


3. Tux fame planet is not always equally diſtant from 
the ſun. But the middle diſtance of Mercury is between 
= and > of the diſtance of the earth from the fun; Venus 
>: Gant from the ſun almoſt of the diſtance of the 
earth; the middle diſtance of Mars is ſomething more than 
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half as much again, as the diſtance of the earth; Jupiter's 
middle diſtance exceeds fire times the Ae of the 
earth, by between? and ̃ part of this diſtance; Saturn's 
middle diſtance is ſcarce more than 9g= times the diſtance 
between the earth and fun; but the middle diſtance between 


the earth and ſun is bot 217; times the ſun's ſemidi- 
ameter. 


4. ALL theſe planets move one way, from weſt to 
eaſt; and of the primary planets the moſt remote is long- 
eſt in finiſhing its courſe round the ſun. The period 
of Saturn falls ſhort only ſixteen days of 29 years and 
a half. The period of Jupiter is twelve years wanting a- 
bout yo days. The period of Mars falls ſhort of two years 
by about 4.3 days. The revolution of the earth conſtitutes 
the year. Venus performs her period in about 224 days, 
and mercury in about 88 days. 


5. Trex courſe of each planet lies throughout in one 
plane or flat ſurface, in which the ſun is placed; but they do 
not all move in the ſame plane, though the different planes, 
in which they move, croſs each other in very ſmall angles. 
They all croſs each other in lines, which paſs through the 
ſun; becauſe the fun lies in the plane of each orbit. This 
indlination of the ſeveral orbits to each other is repreſented in 
fig. 90. The line, in which the plane of any orbit croſſes 


the plane of the earth's motion, is called the line of the nodes 
of that orbit. 
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6. Eacn planet moves round the ſun in the line, which 
we have mentioned above*under the name of ellipfis ; which 
I thall here ſhew more particularly how to deſcribe. I have 
there faid how it is produced in the cone. I ſhall now ſhew 
how to form it upon a plane. Fix upon any plane two pins, 
as at A and Bin fig. 91. To theſe tye a ſtring A CB of any 
length. Then apply a third pin P ſo to the ſtring, as to hold 
it ſtrained; and in that manner carrying this pin about, the 
point of it will deſcribe an ellipfis. If through the points A, 
B the ftraight line EABF be drawn, to be terminated at 
the ellipſis in the points E and P, this is the longeſt line 
of any, that can be drawn within the figure, and is call- 
ed the greater axis of the ellipſis. The line GH, drawn 
perpendicular to this axis EF, ſo as to paſs through the 

middle of it, is called the leſſer axis. The two points A 
and B are called focus'ss Now each planet moves round 
the ſun in a line of this kind, fo that the ſun is found in 
one focus. Suppoſe A to be the place of the ſun. Then E 
is the point, wherein the planet will be neareſt of all to the 
fun, and at F it will be moſt remote. The point E is call- 
ed the perihelion of the planet, and F the aphelion. In G 
and N the planet is faid to be in its middle or mean diftance ; 
becauſe the diftance AG or AH is truly the middle be- 
tween AE the leaſt, and AF the greateſt diſtance. In fig. 9 2. 
is repreſented how the greater axis of each orbit is ſituated in 
reſpe& of the reſt. The proportion between the greateſt and 
leaſt diſtances of the planet from the fun is very different 
in the different planets. In Saturn the proportion. of the 
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greateſt diſtance to the leaſt is ſomething leſs, than the propot- 
tion of 9 to 8; but much nearer to this, than to the propor- 
tion of 10 to 9. In Jupiter this proportion is a little greater, 
than that of 1 4 to 10. In Mars it exceeds the proportion of 
6 to v. In the earth it is about the proportion of 30 to 29. 
In Venus it is near to that of 0 to 6. And in Mercury it 
comes not a great deal ſhort of the proportion of 3 to 2. 


7. E xcn of theſe planets ſo moves through its ellipſis, that 
the line drawn from the fun to the planet, by accompanying 
the planet i in its motion, will deſcribe about the ſun equal ſpa- 
ces in equal times, after the manner ſpoke of in the chapter of 
cegntripetal forces. There is alſo a certain relation between 
the greater axis's of theſe ellipſis's, and the times, in which 
the planets. perform their revolutions through them. Which 
relation may be expreſſed thus. Let the period 
of one planet be denoted by the letter A, the 
greater axis of its orbit by Dz let the period 
of another planet be denoted by B, and the- 
greater axis of this planet's orbit by E. Then 
if C be taken to bear the ſame proportion to B, 
as B bears to A; likewiſe if F be taken to bear the fame pro- 
portion to E, as E bears to D; and G taken to bear the ſame 
proportion likewiſe to E, as E Cnr to D; then. A. ſhall bear. 
the ſame proportion to C, as D bears to. G 
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8. Tux ſecondary planets move rourid their reſpective 
primary, much in the ſame manner as the primary do round: 
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the ſun. But the motions of theſe ſhall be more fully ex- 
plained hereafter *. And there is, beſides the planets, another 
ſort of bodies, which in all probability move round the fun ; 
T mean the comets. The farther deſcription of which bodies 
I alſo leave to the place, where they are to be particularly 
treated on 


9. FAR without this ſyſtem the fixed ſtars are placed. 
Theſe are all ſo remote from us, that we ſeem almoſt incapa- 
ble of contriving any means to eſtimate their diſtance. Their 
number is exceeding great. Beſides two or three thouſand, 
which we ſee with the naked eye, teleſcopes open to our view | 
vaſt numbers; and the farther improved theſe inſtruments 
are, we {till diſcover more and more. Without doubt theſe 
are luminous globes, like our ſun, and ranged through the 
wide extent of ſpace ; each of which, it is to be ſuppoſed, 
perform the ſame office, as our fun, affording light and heat 
to certain planets moving about them. But theſe conjectures 
are not to be purſued in this place. 


10. I SHALL therefore now proceed to the particular de- 
ſign of this chapter, and ſhew, that there is no ſenſible mat- 
ter lodged in the ſpace where the planets move. 


11. THaT they ſuffer no ſenſible refiftance from any 
ſuch matter, is evident from the agreement between the obſer- 
vations of aſtronomers in different ages, with regard to the 

time, in which the planets have been found to perform their 
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periods. But it was the opinion of Dzs CAR TES, that. the 
planets might be kept in their courſes by the means of a fluid 
matter, which continually circulating round ſhould carry 
the planets along with it. There is one appearance that 
may ſeem to favour this opinion; which is, that the ſun turns 
round its own axis the ſame way, as the planets move. The 
earth. alſo turns round its axis the ſame way, as the moon 
moves round the earth. And the planet Jupiter turns upon 
its axis the ſame way, as his fatellites revolve round him. It 
might therefore be ſuppoſed, thatif the whole planetary region 
were filled with a fluid matter, the ſun, by turning round on 
its own axis, might communicate motion firſt to that part of 
the fluid, which was contiguous, and by degrees propagate 
the like motion to the parts more remote. After the fame 
manner the earth might communicate motion to this fluid, to 
a diſtance ſufficient to carry round the moon, and Jupiter com- 
municate the like to the diſtance of its ſatellites. Sir Is a ac 
Nx wrT oN has particularly examined what might be the reſult 
of ſuch a motion as this *; and he finds, that the velocities, 
with which the parts of this fluid will move in different di- 
ſtances from the center of the motion, will not agree with the 
motion obſerved in different planets : for inſtance, that the 
time of one intire circulation of the fluid, wherein Jupiter 
ſhould ſwim, would bear a greater proportion to the time of 
one intire circulation of the fluid, where the earth is; than the 
period of Jupiter bears to the period of the earth. But he 
alſo proves , that the planet cannot circulate in ſuch a fluid, 


In Princ. philoſ. part. 3. & ſchol. 
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ſo as to keep long in the ſame courſe, unleſs the planet and 
the contiguous fluid are of the fame denſity, and the planet 
be carried along with the fame degree of motion, as the fluid. 
There is alſo oh remark made upon this motion by our 
author; which is, that ſome vivifying force will be continual- 
ly neceſſary at the center of the motion The fun in par- 
ticular, by communicating mation to the ambient fluid, will 
loſe from it ſelf as much motion, as it imparts to the fluid; 
unleſs ſome acting principle reſide in the ſun to renew its 
motion continually. If the fluid be infinite, this gradual loſs 
of motion would continue till the whole ſhould ſtop *; and 
if the fluid were limited, this loſs of motion would continue, 
till there would remain no ſwifter a revolution in the ſun, 
than in the utmoſt part of the fluid; fo that the whole 
would turn together about the axis of the fun, like one ſolid 


globe © 


12. IT is farther to be NEALE? as the planets "I not 
move in perfect circles round the ſun; there is a greater diſt- 
ance between their orbits in ſome places, than in others. For 
inſtance, the diſtance between the orbit of Mars and Venus is 
near half as great again in one part of their orbits, as in the 
oppoſite place. Now here the fluid, in which the earth 
ſhould ſwim, muſt move with a leſs rapid motion, where 
there is this greater interval between the contiguous orbits; but 
on the contrary, where the ſpace is 3 the earth moves 
more ſlowly, than where it is wideſt ©. 


® Philoſ. princ. prop. 52. coroll, 4. . © Coroll.11. 
| a Ser ibid. ſchol. paſt prop. 33. 
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13. FARTHER, if this our globe of earth ſwam in a fluid 
of equal denſity with the earth it ſelf, that is, in a fluid more 
denſe than water; all bodies put in motion here upon the 
earth's ſurface muſt ſuffer a great reſiſtance from it; where 
as, by Sir IS AAC NEwTON's experiments mentioned in the 
preceding chapter, bodies, that fell perpendicularly down 
through the air, felt about 5 part only of the reſiſtance, 
which bodies ſuffered that fell in like manner — water. 


14. Sir IS AAC NREWTON tk bes experiments yet 
farther, and examines by them the general queſtion concern- 
ing the abſolute plenitude of ſpace. According to the Ariſtote- 
lians, all ſpace was full without any the leaſt vacuities whate- 
ver. DESs CAR TES embraced the ſame opinion, and therefore 
ſuppoſed a fubtile fluid matter, which ſhould pervade all bo- 
dies, and adequately fill up their pores. The Atomical philo- 
ſophers, who ſuppoſe all bodies both fluid and ſolid to be com- 
poſed of very minute but ſolid atoms, aſſert that no fluid, how 
ſubtile ſoever. the particles or atoms whereof it is compoſed 
ſhould be, can ever cauſe an abſolute plenitude ; becauſe it 
is impoſſible that any body can paſs through the fluid with- 
out putting the particles of it into ſuch a motion, as to ſepa- 
rate them, at leaſt in part, from one another, and ſo perpetu- 
ally to cauſe {mall vacuities ; by which theſe Atomiſts endea- 
vour to prove, that a vacuum, or ſome ſpace empty of all 
matter, 1s abſolutely neceſſary to be in nature. Sir IS AAC 
Nxwr o objects againſt the filling of ſpace with ſuch a ſub- 
tile fluid, chat all bodies in motion muſt be unmeaſurably re- 

2 ſiſted 
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ſiſted by a fluid ſo denſe, as abſolutely to fill up all the ſpace, 
through which it is ſpread. And leſt it ſhould be thought, 
that this objection might be evaded by aſcribing to this fluid 
ſuch very minute and ſmooth parts, as might remove all ad- 
heſion or friction between them, whereby all reſiſtance 
would be loſt, which this fluid might otherwiſe give to bo- 
dies moving in it; Sir IS AAC NEW TON proves, in the 
manner above related, that fluids reſiſt from the power of 
inactivity of their particles; and that water and the air re- 
ſiſt almoſt entirely on this account: ſo that in this ſubtile 
fluid, however minute and lubricated the particles, which 
compoſe it, might be; yet if the whole fluid was as denſe as 
water, it would reſiſt very near as much as water does; and 
whereas ſuch a fluid, whoſe parts are abſolutely cloſe toge- 
ther without any intervening ſpaces, muſt be a great deal 
more denſe than water, it muſt reſiſt more than water in 
proportion to its greater denſity; unleſs we will ſuppoſe the 
matter, of which this fluid is compoſed, not to be endued 
with the ſame degree of inactivity as other matter. But if 
you deprive any ſubſtance of the property ſo univerſally be- 
longing to all other matter, without impropriety of ſpeech 
it can ſcarce be called by this name. 


Is. Sir Is AAN EWTON made allo an experiment to try in 
particular, whether the internal parts of bodies ſuffered any re- 
ſiſtance. And the reſult did indeed appear to favour ſome {mall 
degree of reſiſtance; but ſo very little, as to leave it doubtful, 
whether the effect did not ariſe from ſome other latent cauſe *. 


2. Princ. philoſ. pag. 316, 317. 
CHAP, 
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CH Ap. II. 


Concerning the cauſe, which keeps in motion 
the primary planets. 


IN CE the planets move in a void ſpace and are free 
from reſiſtance; they, like all other bodies, when 
once in motion, would move on in a ſtraight line without 
end, if left to themſelves. And it is now to be explained 
what kind of action upon them carries them round the ſun. 
Here I ſhall treat of the primary planets only, and diſ- 
courſe of the ſecondary apart in the next chapter. It has been 
Juſt now declared, that theſe primary planets move ſo about 
the ſun, that a line extended from the fun to the planet, will, 
by accompanying the planet i in its motion, paſs over equal ſpa- 
ces in equal portions of time *. And this one property in the 
motion of the planets proves, that they are continually acted 
on by a power directed perpetually to the ſun as a center. This 
therefore is one property of the cauſe, which keeps the 
planets in their courſes, that it is a centripetal power, whoſe 
center 1s the ſun. 


2. AGAIN, in the chapter upon centripetal forces“ it 
was obſerv'd, that if the ſtrength of the centripetal power 
was ſuitably accommodated every where to the motion of 
any body round a center, the body might be carried in 


2 Ch. 1. 57. b Book I. Ch. 3. 
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any bent line whatever, whoſe concavity ſhould be every 
where turned towards the center of the force. It was far- 
ther remarked, that the ſtrength of the centripetal force, 
in each place, was to be collected from the nature of the 
line, wherein the body moved*. Now ſince each planet 
moves in an ellipſis, and the fun is placed in one focus; 
Sir Is AAC NEW TON deduces from hence, that the ſtrength 
of this power is reciprocally in the duplicate proportion of the 
diſtance from the ſun. This is deduced from the properties, 
which the geometers have diſcovered in the ellipſis. The pro- 
ceſs of the reaſoning is not proper to be enlarged upon here; 
but I ſhall endeavour to explain what is meant by the recipro- 
cal duplicate proportion. Each of the terms reciprocal pro- 
portion, and duplicate proportion, has been already defined“. 
Their ſenſe when thus united is as follows. Suppoſe the planet 
moved in the orbit ABC (in fig. 93.) about the funins.. 
Then, when it is ſaid, that the centripetal power, which acts on 
the planet in A, bears to the power acting on it in B a propor- 
tion, which is the reciprocal of the duplicate proportion of the 
diſtance SA to the diſtance 8 B; it is meant that the power 
in A bears to the power in B the duplicate of the proportion 
of the diſtance 8 B to the diſtance SA. The reciprocal du- 
plicate proportion may be explained alſo by numbers as fol- 
lows. Suppoſe ſeveral diſtances to bear to each other propor- 
tions expreſſed by the numbers 1, 2, 3, 4 J; that is, let the 
ſecond diſtance be double the firſt, the third be three times, 
the fourth four times, and the fifth five times as great as the 


Book I. Ch. 3. 29. > Ibid, Ch. 2. $ 30, 17. 


firſt. 
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firſt. Multiply each of theſe numbers by it ſelf, and 1 multi- 
plied by 1 produces ſtill x, 2 multiplied by 2 produces 4, 3 
by 3 makes-9,.4. by 4 makes 16, and 5 by 5 gives 2 5. This 


being done, the fractions 3, 3, % % will reſpectively expreſs 
the proportion, which the centripetal power in each of the 
following diſtances bears to the power at the firſt diſtance: for 
in the ſecond diſtance, which is double the firſt, the centri- 
petal power will be one fourth part only of the power at the 
firſt diſtance ; at the third diſtance the power. will be one 
ninth part only of the firſt power; at the fourth diſtance, 
the power will be but one ſixteenth part of the firſt ; and at 
the fifth diſtance, one twenty fifth part of the firſt power. 


3. Thus is found the proportion, in which this centripetal 
power decreaſes, as the diſtance from the ſun increaſes, within 
the compaſs of one planet's motion. How: it comes to paſs, 
that the planet can be carried about the ſun by this centripetal 
power in a continual round, ſometimes riſing from the ſun, 
then deſcending again as low, and from thence. be carried. 
up again as far remote as before, alternately riſing and. falling, 
without end; appears from what has been written above con- 
cerning centripetal forces: for the orbits of the planets re- 
ſemble in ſhape the curve line propoſed. in & 17 of the chapter 
on theſe forces. 


4: B UT farther, in order to know whether this centripetal 
force extends in the ſame proportion throughout, and conſe- 
quently whether all the planets are influenced by the very ſame 


2 Book I. Ch. 3: 
power, 
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power, our author proceeds thus. He inquires what relation 
there ought to be between the periods of the different planets, 
provided they were acted upon by the ſame power decreaſing 
throughout in the forementioned proportion; and he finds, 

that the period of each in this caſe would have that very rela- 
tion to the greater axis of its orbit, as I have declared above * 
to be found in the planets by the obſervations of aſtronomers. 
And this puts it beyond queſtion, that the different planets are 
preſſed towards the ſun, in the ſame proportion to their diſtan- 
ces, as one planet is in its ſeveral diſtances. And thence 
in the laſt place it is juſtly concluded, that there is ſuch a 


power acting towards the ſun in the foreſaid proportion at all 
—» diſtances from it. 


5. Tr1s power, when referred to the planets, our author 
calls centripetal, when to the fun attractive; he gives it like- 
wiſe the name of gravity, becauſe he finds it to be of the fame 
nature with that power of gravity, which is obſerved in our 

_ earth, as will appear hereafter *. By all theſe names he deſigns 
only to ſignify a power endued with the properties before 
mentioned; but by no means would he have it underſtood, as 
if theſe names referred any way to the cauſe of it. In particular 
in one place where he uſes the name of attraction, he cauti- 
ons us expreſsly againſt implying any thing but a power di- 
recting a body to a center without any reference to the cauſe 


of it, whether reſiding in that center, or ariſing from any 
external impulle . 


* Ch.1.y 7. » Chap. 5. $8. | e Princ. pag. 60. 


6. Bur 


CHAP. 2. PHILOSOPHY. 175 


6. Bur now, in theſe demonſtrations ſome very minute in- 
equalities in the motion of the planets are neglected; which is 
done with a great deal of judgment; for whatever be their 
cauſe, the effects are very inconſiderable, they being ſo exceed- 
ing ſmall, that ſome aſtronomers have thought fit wholly to paſs 
them by *. However the excellency of this philoſophy, when 
in the hands of ſo great a geometer as our author, is ſuch, that 
it is able to trace the leaſt variations of things up to their cauſes. 
The only inequalities, which have been obſerved common to 


all the planets, are the motion of the aphelion and the nodes 


The tranſverſe axis of each orbit does not always remain fix- 
ed, but moves about the ſun with a very ſlow progreſſive 
motion: nor do the planets keep conſtantly the ſame plane, 
but change them, and the lines in which thoſe planes inter- 
ſect each other by inſenſible degrees. The firſt of theſe 
inequalities, which is the motion of the aphelion, may be ac- 
counted for, by ſuppoſing the gravitation of the planets to- 
wards the ſun to differ a little from the forementioned re- 
ciprocal duplicate proportion of the diſtances; but the ſe- 
cond, which is the motion of the nodes, cannot be account- 
ed for by any power directed towards the ſun; for no ſuch 
can give the planet any lateral impulſe to divert it from the 
plane of its motion into any new plane, but of neceſſity muſt 
be derived from ſome other center. Where that power is 
lodged, remains to be diſcovered. Now it is proved, as 
ſhall be explained in the following chapter, that the three 
primary planets Saturn, Jupiter, and the earth, which have 
fatellites revolving about them, are endued with a power of 


2 Street, in Aſtron, Carolin. 
cauſing 
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cauſing bodies, in particular thoſe ſatellites, to gravitate to- 
wards them with a force, which is reciprocally in the duplicate 
proportion of their diſtances; and the planets are in all re- 
ſpects, in which they come under our examination, ſo ſimilar 
and alike, that there is no reaſon to queſtion, but they have 
all the ſame property. Though it be ſufficient for the preſent 
purpoſe to have it proved of Jupiter and Saturn only ; for 
theſe planets contain much greater quantities of matter than 
che reſt, and proportionally exceed the others in power. But 
the influence of theſe two planets being allowed, it is evi- 
vident how the planets come to ſhift continually their planes: 
for each of the planets moving in a different plane, the 
action of Jupiter and Saturn upon the reſt will be oblique to 
the planes of their motion; and therefore will gradually draw 
them into new ones. The ſame action of theſe two planets up- 
on the reſt will cauſe likewiſe a progreſſive motion of the 
aphelion; ſo that there will be no neceſſity of having recourſe 
to the other cauſe for this motion, which was before hinted 
at ®; viz, the gravitation of the planets towards the ſun diftering 
PIE the exact reciprocal duplicate proportion of the diſtan- 
ces. And in the laſt place, the action of Jupiter and Saturn 
upon each other will produce in their motions the ſame ine- 
qualities, as their joint action produces in the reſt. All this 
is effected in the fame manner, as the ſun produces the ſame 
Kind of inequalities and many others in the motion of the 
-moon and the other ſecondary planets; and therefore will be 


beſt apprehended by what ſhall be faid in the next chapter. 


. 2 See Chap. 5. $ 9, Ko. v In the foregoing page. 
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Thoſe other irregularities in the motion of the ſecondary 
planets have place likewiſe here ; but are too minute to be 
obſervable: becauſe they are produced and rectified alternate- 
ly, for the moſt part in the time of a ſingle revolution; 
whereas the motion of the aphelion and nodes, which conti- 
nually increaſe, become ſenſible in a long ſeries of years. Yet 
Jome of theſe other inequalities are diſcernible in Jupiter and 
Saturn, in Saturn chiefly ; for when Jupiter, who moves faſter 
than Saturn, approaches near to a conjunction with him, his 
action upon Saturn will a little retard the motion of that pla- 
net, and by the reciprocal action of Saturn he will himſelf be 
accelerated. After conjunction, Jupiter will again accelerate 
Saturn, and be likewiſe retarded in the ſame degree, as before 
the firſt was retarded and the latter accelerated. Whatever 
inequalities beſides are produced in the motion of Saturn by 
the action of Jupiter upon that planet, will be ſufficiently rec- 
tified, by placing the focus of Saturn's ellipſis, which ſhould 
otherwiſe be in the fun, in the common center of gravity of 
the ſun and Jupiter. And all the inequalities in the mo- 
tion of Jupiter, cauſed by Saturn's action upon him, are much 
leſs conſiderable than the irregularities of Saturn's motion. 


7. Tris one principle therefore of the planets having a 
power, as well as the ſun, to-cauſe bodies to gravitate towards 
them, which is proved by the motion of the ſecondary pla- 
nets to obtain in fact, explains all the irregularities relating to 
the planets ever obſerved by aſtronomers. 


See Newton. Princ. Lib. III. prop, 13. 
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8. Sir Isa AC NE WT ON after this proceeds to make an 
improvement in aſtronomy by applying this theory to the far- 
ther correction of their motions. For as we have here obſerv- 
ed the planets to poſſeſs a principle of gravitation, as well as 
the fun; ſo it will be explained at large hereafter, that the 
third law of motion, which makes action and reaction equal, 
is to be applied in this caſe * ; and that the ſun does not only 
attract each planet, but is it ſelf alſo attracted by them; the 
force, wherewith the planet is acted on, bearing to the force, 
wherewith the ſun it ſelf is ated on at the fame time, the 
proportion, which the quantity of matter in the ſun bears to 
the quantity of matter in the planet. From the action be- 
tween the ſun and planet being thus mutual Sir IS AAC 
NEtwrToN proves that the ſun and planet will deſcribe about 
their common center of gravity ſimilar ellipfis's; and then that 
the tranſverſe axis of the ellipſis deſcribed thus about the move- 
able fun, will bear to the tranſverſe axis of the ellipſis, which 
would be deſcribed about the ſun at reſt in the ſame time, the 
ſame proportion as the quantity of ſolid matter in the fun and 
planet together bears to the firſt of two mean proportionals be- 
tween this quantity and the quantity of matter in the ſun only ®. 


9. ABO where I ſhewed how to find a cube, that 
ſhould bear any proportion to another cube ©, the lines FT 
and T'S are two mean proportionals between EF and FG ; 
and counting from EF, F T is called the firſt, and ES the ſe- 
cond of thoſe means. In numbers theſe mean proportionals 


Chap. 5. F 10, | bÞ Princ, Lib, ]. prop. 60, © Book I. Chap. 2. § 80. 
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are thus found. Suppoſe A and B two numbers, and it be 
required to find C the firſt, and D the ſecond of 

the two mean proportionals between them. Firſt A C 
multiply A by it ſelf, and the product multiply B D 

by B; then C will be the number which in arith- 

metic is called the cubic root of this laſt product; that is, 
the number C being multiplied by it ſelf, and the product 
again multiplied by the ſame number C, will produce the 
product above mentioned. In hke manner D is the cubic 
root of the product of B multiplied by it ſelf, and the pro- 
duce of that multiplication multiplied again by A. 


10. Ir will be asked, perhaps, how this correction can be 
admitted, when the cauſe of the motions of the planets was 
before found by ſuppoſing the ſun the center of the power, 
which acted upon them: for according to the preſent correc- 
tion this power appears rather to be directed to their common 
center of gravity. But whereas the ſun was at firſt conclu- 
ded to be the center, to which the power acting on the planets 
was directed, becauſe the ſpaces deſcribed round the ſun in 
equal times were found to be equal; fo Sir Is aA NRW TON 
proves, that if the ſun and planet move round their common 
center of gravity, yet to an eye placed in the planet, the ſpa- 
ces, which will appear to be deſcribed about the fun, will have 
the ſame relation to the times of their deſcription, as the real 
ſpaces would have, if the ſun were at reſt *. I farther aſſerted, 
that, ſuppoſing the planets to move round the ſun at reſt, 


® Princ. philo. Lib. I. prop. 58. coroll. 3. 
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and to be attracted by a power, which every where ſhould 

act with degrees of ſtrength reciprocally in the duplicate 

proportion of the diſtances; then the periods of the planets 

muſt obſerve the ſame relation to their diſtances, as aſtrono- 

mers find them to do. But here it muſt not be ſuppoſed, that 

the obſervations of aſtronomers abſolutely agree without any 

the leaſt difference; and the preſent correction will not cauſe 

a deviation from any one aſtronomer's obſervations, ſo much 

as they differ from one another; For in Jupiter, where this 
correction is greateſt, it hardly amounts to the 3000" part. 
of the whole axis. 


11. Ur o this head I think it not improper to mention 

a refletion made by our excellent author upon theſe ſmall in- 
equalities in the planets motions; which contains under it a 
very ſtrong philoſophical argument againſt the eternity of the 
world. It is this, that theſe inequalities muſt continually in- 
creaſe by ſlow degrees, till they render at length the preſent 
frame of nature unfit for the purpoſes, it now ſerves *®. And 
a more convincing proof cannot be deſired againſt the pre- 
ſent conſtitution's having exiſted from eternity than this, 
that a certain period of years will bring it to an end. I am 
aware this thought of our author has been repreſented even 
as impious, and as no leſs than caſting a reflection upon 
the wiſdom of the author of nature, for framing a periſh- 
able work. But I think ſo bold an aſſertion ought to have 
been made with ſingular caution. For if this remark 
upon the increaſing irregularities of the heavenly motions 
| * Newt, Optics, pag. 378. | 

4 be 
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be true in fact, as it really is, the imputation muſt return 
upon the aſſerter, that this does detract from the divine. 
wiſdom. Certainly we cannot pretend to know all the 
omniſcient Creator's purpoſes in making this world, and 
therefore cannot undertake to determine how long he de- 
ſigned it ſhould laſt. And it is ſufficient, if it endure 
the time intended by the author. The body of every ani-- 
mal ſhews the unlimited wiſdom of its author no leſs, nay 
in many reſpects more, than the larger frame of nature; 


and yet we ſee, they are all deſigned to laſt but a ſmall 
ſpace. of time. 


I2. There need nothing more be ſaid of the primary pla- 
nets; the motions of the ſecondary ſhall be next conſidered. 


GH AP. III. 


Of the motion of the MOON and the other 
SECONDARY PLANETS. 


HE excellency of this philoſophy ſufficiently appears 

from its extending in the manner, which has been re- 
lated, to the minuteſt circumſtances of the primary planets 
motions ; which nevertheleſs bears no proportion to the vaſt 
ſucceſs of it in the motions of the ſecondary ; for it not only 
accounts for all the irregularities, by which their motions were 
known to be diſturbed, but has diſcovered others ſo complicat- 
ed, that aſtronomers were never able to diſtinguiſh them, and 
reduce them under proper heads; but theſe were only to be 


found 
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found out from their cauſes, which this philoſophy has brought 
to light, and has ſhewn the dependence of theſe inequalities 
upon ſuch cauſes in ſo perfe& a manner, that we not only learn 
from thence in general, what thoſe inequalities are, but are 
able to compute the degree of them. Of this Sir Is. NewToN 
has given ſeveral ſpecimens, and has moreover found means 
to reduce the moon's motion ſo completely to rule, that he 
has framed a theory, from which the place of that planet 
may at all times be computed, very nearly or altogether as ex- 
actly, as the places of the primary planets themſelves, which is 
much beyond what the greateſt aſtronomers could ever effect. 


2. TR x firſt thing demonſtrated of theſe ſecondary planets 
3s, that they are drawn towards their reſpective primary in the 
fame manner as the primary planets are attracted by the ſun. 
That each ſecondary planet is kept in its orbit by a power 
pointed towards the center of the primary planet, about 
which the ſecondary revolves; and that the power, by which 
the ſecondaries of the ſame primary are influenced, bears the 
fame relation to the diſtance from the primary, as the power, 
by which the primary planets are guided, does in regard to 
the diſtance from the fun *®. This is proved 1n the fatellites of 
Jupiter and Saturn, becauſe they move in circles, as far as we 
can obſerve, about their reſpective primary with an equable 
courſe, the reſpective primary being the center of each or- 
bit: and by comparing the times, in which the different ſa- 
tellites of the ſame primary perform their periods, they are 


Newton. Princ. Lib. III. prop. . 
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found to obſerve the ſame relation to the diſtances from their 
primary, as the primary planets obſerve in reſpect of their 
mean diſtances from the ſun *. Here theſe bodies moving in: 
circles with an equable motion, each ſatellite paſſes over e- 
qual parts of its orbit in equal portions of time ; conſequent- 
ly the line drawn from the center of the orbit, that is, from 
the primary planet, to the ſatellite, will paſs over equal ſpa- 
ces along with the ſatellite in equal portions of time; which 
proves the power, by which each fatellite is held in its orbit, 
to be pointed towards the primary as a center. It is alſo ma- 
nifeſt that the centripetal power, which carries a body in a: 
circle concentrical with the power, acts upon the body at all 
times with the ſame ſtrength. But Sir IS AAC NEW T ON de- 
monſtrates that, when bodies are carried in different circles by 
centripetal powers directed to the centers of thoſe circles, then 
the degrees of ſtrength of thoſe powers are to be compared by 
conſidering the relation between the times, in which the bo- 
dies perform their periods through thoſe circles ©; and in par- 
ticular he ſhews, that if the periodical times bear that relation, 
which I have juſt now aſſerted the ſatellites of the ſame pri- 
mary to obſerve; then the centripetal powers are reciprocally 
in the duplicate proportion of the ſemidiameters of the circles, . 
or in that proportion to the diſtances of the bodies from the 
centers . Hence it follows that in the planets Jupiter and 
Saturn, the centripetal power in each decreaſes with the in- 
creaſe of diſtance, in the ſame proportion as the centripetal 


pared with ag. 393. 4 - Ibid, coroll. 


2 Newton. Princ. Lib. III. pag.390, 391, com- | © Princ. philoſ. Lib, I. prop. 4- 
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power appertaining to the fun decreaſes with the increaſe of 
diſtance. I do not here mean that this proportion of the cen- 


tripetal powers holds between the power of Jupiter at any di- 
Nance compared with the power of Saturn at any other di- 
ſtance; but only in the change of ſtrength of the power be- 
longing to the ſame planet at different diſtances from him. 
Moreover what is here diſcovered of the planets Jupiter and 
Saturn by means of the different ſatellites, which revolve 
round each of them, appears in the earth by the moon alone; 
becauſe ſhe is found to move round the earth in an ellipſis af- 
ter the ſame manner as the primary planets do about the fun; 
. excepting only ſome ſmall irregularities in her motion, the 
cauſe of which will be particularly explained in what follows, 
whereby it will appear, that they are no objection againſt 
the earth's acting on the moon in the ſame manner as the ſun 
acts on the primary planets ; that is, as the other primary 
planets Jupiter and Saturn act upon their ſatellites. Certain- 
ly ſince theſe irregularities can be otherwiſe accounted for, we 
ought not to depart from that rule of induction ſo neceſſary 
in philoſophy, that to like bodies like properties are to be at- 
tributed, where no reaſon to the contrary appears. We-can- 
not therefore but aſcribe to the earth the ſame kind of action 
upon the moon, as the other primary planets Jupiter and Sa- 
turn have upon their fatellites ; which is known to be very 
exactly in the proportion aſſigned by the method of compar- 
ing the periodical times and diſtances of all the ſatellites, which 
move about the ſame planet; this abundantly compenſating 
our not being near enough to obſerve the exact figure of 

their orbits. For if the little deviation of the moon's orbit 


from 
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orbit from a true permanent ellipſis aroſe from the action of the 
earth upon the moon not being in the exact reciprocal dupli- 
cate proportion of the diſtance, were another moon to revolve 
about the earth, the proportion between the periodical times of 
this new moon, and the preſent, would diſcover the devia- 
tion fron - mentioned proportion much more manifeſtly. | 


3. By the number of ſatellites, which move round Jupiter 
and Saturn, the power of each of theſe planets is meaſured in 
a great diverſity of diſtance for the diſtance of the outermoſt 
ſatellite in each of theſe planets exceeds ſeveral times the diſt- 
ance of the innermoſt. In Jupiter the aſtronomers have uſually 
placed the innermoſt ſatellite at a diſtance from the center of 
that planet equal to about ; of the ſemidiameters of Jupiter 8 
body, and this ſatellite performs its revolution in about x day 
I 8: hours. The next ſatellite, which revolves round Jupiter in 
about 3 days I 3 = hours, they place at the diſtance from Jupiter 
of about 9g of that planet's ſemidiameters. To the third ſa- 
tellite, which performs its period nearly in 7 days 3 hours, 
they aſſign the diſtance of about 14.5 ſemidiameters. But 
the outermoſt ſatellite they remove to 2 5: ſemidiameters, and 
this ſatellite makes its period in about 1 6 days 16 hours *. 
In Saturn there is {till a greater diverſity in the diſtance of the 
ſeveral ſatellites. By the obſervations of the late Cassint, a 
celebrated aſtronomer in France, who firſt diſcovered all theſe 
ſatellites, except one known before, the innermoſt is diſtant 
about 4. of Saturn's ſemidiameters from his center, and re- 


* Newt. Princ. philoſ. Lib. III. pag. 390. 
Bb volves 
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volves round in about 1 day 21 hours. The next ſatellite 
is diftant about y: ſemidiameters, and makes its period in a- 
bout 2 days 172 hours, The third is removed to the diſt- 
ance of about 8 ſemidiameters, and performs its revolution in 
near 4, days 12: hours. The fourth ſatellite diſcovered firſt 


by the great HuyGzns, is near 18 . and 
moves round Saturn in about I days 22 hours. The out- 


ermoſt is diſtant 56 ſemidiameters, and makes its revolution 
in about 79 days 7: hours. Beſides theſe ſatellites, there 
belongs to the planet Saturn another body of a very ſingular 
kind. This is a ſhining, broad, and flat ring, which encom- 
paſſes the planet round. The diameter of the outermoſt. 
verge of this ring is more than double the diameter of Saturn. 

HuyGens, who firft deſcribed this ring, makes the whole 
diameter thereof to bear to the diameter of Saturn the pro- 
portion of 9 to 4. The late reverend Mr. P o ND makes the 
proportion ſomething greater, viz. that of 7 to 3. The di- 
ſtances of the ſatellites of this planet Saturn are compared by 
CAss INI to the diameter of the ring. His numbers I have 
reduced to thoſe.above, according to Mr. P ouN D's propor- 
tion between the diameters of. Saturn and of his ring. As 
this ring appears to adhere no where to Saturn, ſo the diſt- 
ance of Saturn from the inner edge of the. ring ſeems rather 
greater than the breadth of the ring. Thie diſtances, which 
have here been given, of the ſeveral ſatellites, both for Jupiter 
and Saturn, may be more depended on in relation to the 
proportion, which thoſe belonging to the ſame: primary planet 


Newt. Princ. philoſ. Lib. III. pag. 391, 392. 
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bear one to another, than in reſpect to the very numbers, that 
have been here ſet down, by reaſon of the difficulty there is 
in meaſuring to the greateſt exactneſs the diameters of the pri- 
mary planets; as will be explained hereafter, when we come 
to treat of teleſcopes *. By the obſervations of the foremen- 
tioned Mr. P ound, in Jupiter the diſtance of the innermoſt 
ſatellite ſhould rather be about 6 ſemidiameters, of the ſecond 

2, of the third 15, and of the outermoſt 26+*; and in Sa- 
turn the diſtance of the innermoſt ſatellite 4 ſemidiameters, 
of the next 62, of the third 84, of the fourth 20+, and of the 
fifth 59 . However the proportion between the diftances 
of the fatellites in the ſame primary is the only thing neceſ- 
fary to the point we are here upon. 


4. Bur moreover the force, wherewith the earth acts in 
different diſtances, is confirmed from the following conſider- 
ation, yet more expreſly than by the preceding analogical 
reaſoning. It will appear, that if the power of the earth, by 
which it retains the moon in her orbit, be ſuppoſed to act at all 
diſtances between the earth and moon, according to the fore- 
mentioned rule ; this power will be ſufficient to produce up- 
on bodies, near the furface of the earth, all the effects aſcribed 
to the principle of gravity. This is diſcovered by the fol- 
lowing method. Let A (in fig. 94.) repreſent the earth, 
B the moon, BCD the moon's orbit, which differs little from 
a circle, of which A is the center. If the moon in B were 


left to it ſelf to move with the velocity, it has in the point B, it 
Book III. Ch. d Newt, Princ. philoſ. Lib. III. pag. 391. © Ibid, pag? 392. 


B b 2 | would 
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would leave the orbit, and proceed right forward in the line 
' BE, which touches the orbit in B. Suppoſe the moon would 
upon this condition move from B to E in the ſpace of one mi- 
nute of time. By the action of the earth upon the moon, where- 
by it is retained in its orbit, the moon will really be found at the 
end of this minute in the point F, from whence a ſtraight line 
drawn to A ſhall make the ſpace BFA in the circle equal to the 
triangular ſpace B EA; ſo that the moon in the time wherein 
it would have moved from B to E, if left to it ſelf, has been 
impelled towards the earth from E to F. And when the time 
of the moon's paſſing from B to F is ſmall, as here it is only 
one minute, the diſtance between E and F ſcarce differs from 
the ſpace, through which the moon would deſcend in the 
fame time, if it were to fall directly down from B toward A. 
without any other motion. A B the diſtance of the earth and 
moon is about 60 of the earth's ſemidiameters, and the moon 
completes her revolution round the earth in about 27 days 
7 hours and 4.3 minutes: therefore the ſpace E F will here be 
found by computation to be about 165 feet. Conſequently, 
if the power, by which the moon is retained in its orbit, be 
near the ſurface of the earth greater, than at the diſtance of 
the moon in the duplicate proportion of that diſtance; the 
number of feet, a body would deſcend near the ſurface of the 
earth by the action of this power upon it in one minute of 
time, would be equal to 16 multiplied twice into the num- 
ber 60, that is, equal to 580 50. But how faſt bodies fall near 
the ſurface of the earth may be known by the pendulum *;:and 


2 Ses Book I. Ch. 2. $ 60, 6 


by 
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by the exacteſt experiments they are found to deſcend the ſpace 
of 16; feet in a ſecond of time; and the ſpaces deſcribed by 
falling bodies being in the duplicate proportion of the times, 
of their fall *, the number of feet, a body would deſcribe in its 
fall near the ſurface of the earth in one minute of time, will 
be equal to 165 twice multiplied by 60, the fame as would. 
be cauſed by the power which acts upon the moon. 


F. IN this computation the earth is ſuppoſed to be at 
reſt, whereas it would have been more exact to have ſup- 
poſed it to move, as well as the moon, about. their com- 
mon center of gravity ; as will eaſily be underſtood, by what 
has been faid in the preceding chapter, where it was ſhewn,. 
that the ſun is ſubjected to the like motion about the com- 
mon center of gravity of it ſelf and the planets. The ac- 
tion of the ſun upon the moon, which is to be explain'd 
in what follows, is likewiſe here neglected: and Sir IS AAC 
NzewrToN ſhews, if you take in both theſe conſiderations, 
the preſent computation will beſt agree to a ſomewhat great- 
er diſtance of the moon and earth, viz. to 60: ſemidiame- 
ters of the earth, which diſtance is more conformable to 
aſtronomical obſervations. 


6. Tuxsz computations afford an additional proof, that 
che action of the earth obſerves the ſame proportion to the 
diſtance, which is. here contended for. Before I. faid, it 


was reaſonable to conclude ſo by induction from the. pla- 


2 Book I. Ch. 2. & 17. 


nets. 


Boo IL 


nets Jupiter and Saturn; becauſe they act in that manner. 
But now the ſame thing will be evident by drawing no other 
conſequence from what is ſeen in thoſe planets, than that the 
power, by which the primary planets a& on their ſecondary, 
is extended from the primary through the whole interval be- 
tween, ſo that it would act in every part of the intermediate 
ſpace. In Jupiter and Saturn this power is ſo far from being 
confined to a ſmall extent of diſtance, that it not only reaches 
to ſeveral fatellites at very different diſtances, but alſo from 
one planet to the other, nay even through the whole plane- 
_ tary ſyſtem *. Conſequently there is no appearance of reaſon, 
why this power fhould not act at all diftances, even at the 
very furfaces of theſe planets as well as farther off. But from 
hence it follows, that the power, which retains the moon 
in her orbit, is the fame, as cauſes bodies near the furface of 
the earth to gravitate. For ſince the power, by which the 
earth acts on the moon, will caufe bodies near the ſurface 
of the earth to deſcend with all the velocity they are found 
to do, it is certain no other power can a& upon them 
beſides; becauſe if it did, they muſt of neceſſity deſcend 
ſwifter. Now from all this it is at length very evident, 
that the power in the earth, which we call gravity, ex- 
tends up to the moon, and decreaſes in the duplicate pro- 
portion of the increaſe of the diſtance from the earth. 
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7. Tris finiſhes the diſcoveries made in the action of 
;the primary planets upon their ſecondary, The next thing 


See Ch. II. 5 6. 


to 


deſcend perpendicularly, though the earth be in fo ſwift 
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to be ſhewn is, that the ſun acts upon them likewiſe: for 


this purpoſe it is to be obſerved, that if to the motion of the 
fatellite, whereby it would be carried round its primary at 
reſt, be ſuperadded the ſame motion both in regard to 
velocity and direction, as che primary it ſelf has, it will 
deſcribe about the primary the ſame orbit, with as great 
regularity, as if the primary was indeed at reſt, The 
cauſe of this is that law of motion, which makes a- 
body near the ſurface of the earth, when let fall, to 


a motion, that if the falling body did not partake of it, 
its deſcent would be. remarkably oblique; and that a bo- 
dy projected deſcribes in the moſt regular manner the ſame - 
parabola, whether projected in the direction, in which the 
earth moves, or in the oppoſite direction, if the project- 
ing force be the fame *, From this we learn, that 
if the ſatellite moved about its primary with perfect re- 
gularity, beſides its motion about the primary, it would 
participate of all the motion of its primary; have the 
fame progreſſive velocity, with which the primary is car- 
ried about the ſun; and be impelled with the ſame velo- 
city as the primary towards the ſun, in a direction parallel 
to that impulſe of its primary. And on the contrary, the 
want of either of theſe, in particular of the impulſe to- 
wards the ſun, will occaſion great inequalities in the mo- 
tion of the ſecondary planet. The inequalities, which would 
ariſe from the abſence of this impulſe towards the ſun are 


2 The {cond of the laws of motion laid down'in Book I. Ch. . 
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ſo great, that by the regularity, which appears in the mo- 
tion of the ſecondary planets, it is proved, that the ſun com- 
municates the ſame velocity to them by its action, as it gives 
to their primary at the fame diſtance. For Sir Is AAC NE w- 
rom informs us, that upon examination he found, that if 
any of the ſatellites of Jupiter were attracted by the ſun 
more or leſs, than Jupiter himſelf at the ſame diſtance, the 
orbit of that ſatellite, inſtead of being concentrical to Ju- 
piter, muſt have its center at a greater or leſs diſtance, than 
the center of Jupiter from the ſun, nearly in the ſubduplicate 
proportion of the difference between the ſun's action upon 
the ſatellite, and upon Jupiter; and therefore if any fatel- 
lite were attracted by the fun but =; part more or leſs, 
than Jupiter is at the ſame diſtance, the center of the 
orbit of that ſatellite would be diſtant from the. center of 
Jupiter no leſs than a fifth part of the diſtance of the out- 
ermoſt ſatellite from Jupiter“; which is almoſt the whole 
diſtance of the innermoſt ſatellite. By the like argument 
the ſatellites of Saturn gravitate towards the fun, as much 
as Saturn it ſelf at the ſame diſtance; and the moon as 
much as the earth. 


8. Tuus is proved, that the fun acts upon the ſecon- 
dary planets, as much as upon the primary at the ſame 
diſtance : but it was found in the laſt chapter, that the 
action of the fun upon bodies is reciprocally. in the du- 
plicate proportion of the diſtance ; therefore the ſecondary 


Newton. Princ. philoſ. Lib. III. prop. 6. pag. 401. 


planets 
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planets being ſometimes nearer to the ſun than the pri- 
mary, and ſometimes more remote, they are not alway 
acted upon in the fame degree with their primary, but 
when nearer to the ſun, are attracted more, and when far- 
ther diſtant, are attracted leſs. Hence ariſe various inequali- 
ties in the motion of the ſecondary planets *. 


9. Soux of theſe inequalities would ta ke place, though 
the moon, if undiſturbed by the fun, would have moved in 
a circle concentrical to the earth, and in the plane of the earth's 
motion; others depend on the elliptical figure, and the ob- 
lique fatuation of the moon's orbit. One of the firſt kind is, 
that the moon is cauſed fo to move, as not to deſcribe equal 
ſpaces in equal times, but is continually accelerated, as ſhe 
paſſes from the quarter to the new or full, and is retarded 
again by the like degrees in returning from the new and full 
to the next quarter. Here we conſider not ſo much the ab- 
ſolute, as the apparent motion of the moon in ref] pect to us. 


10. TRE principles of aſtronomy teach how to diſtin- 
guiſh'theſe two motions. Let 8 (in fig. 95.) repreſent the 
ſun, A the earth moving in its orbit BC, DEFG the moon's 
orbit, the place of the moon H. Suppoſe the earth to haye 
moved from A to I. Becauſe it has been ſhewn, that the 
moon partakes of all the progreſſive motion of the earth ; and 
likewiſe that the ſun attracts both the earth and moon * 
ly, when they are at the ſame diſtance from it, or that the 


mean action of the ſun upon the moon is equal to its Gm 


* Newton's Princ, philoſ. Lib. III. prop. 22, 23. 


Cc upon 


ty 


194 Sir IS AAC NEwToN's Bock II. 


upon the earth: we muſt therefore conſider the earth as car- 
rying about with it the moon's orbit; ſo that when the 
earth is removed from A to I, the moon's orbit ſhall like- 
wiſe be removed from its former ſituation into that denoted 
by KIL. MN. But now the earth being in I, if the moon 
were found in O, fo that OI: ſhould be parallel to HA, 
though the moon would really have moved from H to O, yet 
it would not have appeared to a ſpectator upon the earth to 
have moved at all, becauſe the earth has moved as much it 
ſelf; ſo that the moon would ſtill appear in the ſame place 
with reſpect to the fixed ſtars. But if the moon be obſerved 
in P, it will then appear to have moved, its apparent motion 
being meaſured by the angle under OIP. And if the angle 
under PIs be leſs than the angle under H AS, the moon 
will have approached nearer to its conjunction with the fun. 


11. To come now to the explication of the mentioned 
inequality in the moon's motion; let 8 (in fig. 96.) repreſent 
the ſun, Atheearth, BCDE the moon's orbit, C the place of the 
moon, when in the latter quarter. Here it will be nearly at the 
fame diſtance from the ſun, as the earth is. In this caſe there- 
fore they will both be equally attracted, the earth in the dire- 
cition AS, and the moon in the direction CS. Whence as the 
earth in moving round the ſun is continually deſcending to- 
ward it, ſo the moon in this ſituation muſt in any equal por- 
tion of time deſcend as much; and therefore the poſition of 
the line AC in reſpect of As, and the change, which the 
nbon's motion produces in the angle under C AS, will not be 
altered by the fun. 
| I2. BuT 
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12. Bur now as ſoon as ever the moon is advanced from 
the quarter toward the new or conjunction, ſuppoſe to G, 
the action of the ſun upon it will have a different effect. Here, 
were the ſun's action upon the moon to be applied in the di- 
rection GH parallel to A 8, if its action on the moon were 
equal to its action on the earth, no change would be wrought 
by the ſun on the apparent motion of the moon round the 


earth, But the moon receiving a greater impulſe in G than 
the earth receives in A, were the fun to act in the direction 


' GH, yet it would accelerate the deſcription of the ſpace 
DAG, and cauſe the angle under GAD to decreaſe faſter, 
than otherwiſe it would. The ſun's action will have this effect 
upon account of the obliquity of its direction to that, in 
which the earth attracts the moon. For the moon by this 
means is drawn by two forces oblique to each other, one 
drawing from G toward A, the other from G toward H, 
therefore the moon muſt neceſſarily be impelled toward D. 
Again, becauſe the ſun does not act in the direction G H pa- 
rallel to $ A, but in the direction GS oblique to it, the ſun's 
action on the moon will by reaſon of this obliquity farther con- 
tribute to the moon's acceleration. Suppoſe the earthdin any 
ſhort ſpace of time would have moved from A to I, if not 
attracted by the fun ; the point I being 1 in the ſtraight line CE, 
which touches the ene s orbit in A. Suppoſe the moon in 
the ſame time would have moved in her orbit from G to K, 
and beſides have partook of all the progrefiive motion of the 
earth. Then if KL be drawn parallel to AI, and taken equal 
to it, the moon, if not attracted by the fun, would be found 
Cc 2 in 
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in L. But the earth by the ſun's Aion i removed from 1. Sup- 
poſe it were moved down to M in the line I MN parallel 
to 8 A, and if the moon were attracted but as much, and in 
the ſame direction, as the earth is here ſuppoſed to be attracted, 
ſo as to have deſcended during the fame time in the line LO, 
parallel alſo to AS, down as far as P, till LP were equal 
to IM, the angle under PMN would be equal to that 
under LIN, that is, the moon will appear advanced no far- 
ther forward, than if neither it nor the earth had been ſubject 
to the ſun's action. But this is upon the ſuppoſition, that the 
action of the fun upon the moon and earth were equal; 
whereas the moon being ated. upon more than the earth, did 
the ſun's action draw the moon in the line LO parallel to A 8, 
it would draw it down ſo far as to make LP greater than 
IM; whereby the angle under PMN will be rendred leſs, 
than that under LIN, But moreover, as the fun draws the 
earth in a direction oblique to IN, the earth will be found 
in its orbit ſomewhat ſhort. of the point M; however the 
moon is attracted by the ſun ſtill more out of the line I. O, 
than the earth is out of the line IN; therefore this G 


quity of the ſun's. action will you farther diminiſh the angle 
under#Þ MN. 


13. Tnus the moon at the point G receives an impulſe 
from the fun, whereby her motion is accelerated. And the 
fun producing this effect in every place between the —_ 
and the conjunction, the moon will move from the quart 
with a motion continually more and more accelerated ; — 


therefore by acquiring from time to time additional — | 
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of velocity in its orbit, the ſpaces, which are deſcribed in 
equal times by the line drawn from the earth to the moon, will 
not he every where equal, but thoſe toward the conjunction 
will be greater, than thoſe toward the quarter. But now in 
the moon's paſſage from the conjunction D to the next quarter 
the ſun's action will again retard the moon, till at the next 


quarter in E It be reſtored to the firſt velocity, which it had. 
in C. 


14. AGAIN as the moon moves from E to the fultor op- 
poſition to the ſun in B, it is again accelerated, the deficiency 
of the ſun's action upon the moon, from what it has upon the 
earth, producing here the ſame effect as before the exceſs of its 
action. Conſider the moon in Q moving from E towards B. 
Here if the moon were attracted by the ſun in a direction 
parallel to AS, yet being acted on leſs than the. earth, ,as 
the earth deſcends toward the ſun, the moon will in ſome. 
meaſure be left behind. Therefore QF being: drawn pa- 
rallel to 8 B, a ſpectator on the earth would fee the moon 
move, as if attracted from the point Q in the direction 
QF with a degree of force equal to that, whereby the ſun's- 
action on the moon falls ſhort of its action on the earth. But 
the obliquity of the ſun's action has alſo here an effect. In 
the time the earth would have moved from A to I without the: 
influence of the ſun, let the moon have moved in its orbit from 
Qto R. Drawing therefore RT parallel to A, and equal to the 
fame, for the like reaſon as before, the moon by the motion of 
its orbit, if not at all attracted by the ſun, muſt be found in T; 
and therefore, if attracted in a direction parallel to 8 A, would 


be 
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be in the line TV parallel to AS; ſuppoſe in W. But the 
moon in Q being farther off the ſun than the earth, it will be 
leſs attracted, that is, TW will be leſs than IM, and if the 
line $M be prolonged toward X, the angle under Xx MWM 
will be leſs than that under X1T. Thus by the ſun's action 
the moon's paſſage from the quarter to the full would be ac- 
celerated, if the fun were to a& on the earth and moon in a 
direction parallel to AS: and the obliquity of the ſun's ac- 
tion will ſtill more increaſe this acceleration. For the action 
of the ſun on the moon is oblique to the line SA the whole 
time of the moon's paſſage from Q to T, and will carry 
the moon out of the line TV toward the earth. Here I ſup- 
| poſe the time of the moon's paſſage from Qto T ſo ſhort, that 
it ſhall not paſs beyond the line $ A. The earth alſo will come 
a little ſhort of the line IN, as was faid before. From theſe 
cauſes 18 angle under x MW will be ſtill farther leſſened. 


1 © -Þ T HE moon IN paſſing from. the oppoſition B to 5 the 
next quarter will be retarded again by the fame degrees, as 
it is accelerated before its appulſe to the oppofition. Becauſe 
this action of the ſun, which in the moon's paſſage from the 
quarter to the oppoſition cauſes it to be extraordinarily accele- 
rated, and diminiſhes the angle, which meaſures its diſtance 
from the oppoſition; will make the moon ſlacken its pace af- 
terwards, and retard the augmentation of the ſame — in 
its paſſage from the oppoſition to the following quarter; that 
is, will prevent that angle from increaſing ſo faſt, as otherwiſe 
it would, And thus the moon, by the ſun's action upon it, is 
twice accelerated and twice reſtored to its firſt velocity, every 


circuit 
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circuit it makes round the earth. This inequality of the moon's 
motion about the earth is called by aſtronomers its variation. 


16. THz next effect of the ſun upon the moon is, that it 
gives the orbit of the moon in the quarters a greater de- 
gree of curvature, than it would receive from the action of 
the earth alone; and on the contrary in the conjunction and 
_ oppoſition the orbit is leſs inflected. 


17. Wren the moon is in conjunction with the fun in 
the point DP, the ſun attracting the moon more forcibly than 


it does the earth, the moon by that means is impelled leſs to- 
ward the earth, than otherwiſe it would be, and ſo the orbit 
is les incurvated ; for the power, by which the moon is im- 
pelled toward the earth, being that, by which it is inflected 
from a rectilinear courſe, the leſs that power is, the leſs it 
will be inflected. Again, when the moon is in the oppoſi- 
tion in B, farther removed from the fun than the earth is; 
it follows then, though the earth and moon are both conti- 
nually deſcending to the fun, that is, are drawn by the ſun 
toward it ſelf out of the place they would otherwiſe move 
into, yet the moon deſcends with leſs velocity than the 
earth; inſomuch that the moon in any given ſpace of 
time from its paſſing the point of oppoſition will have 
leſs approached the earth, than otherwiſe. it would have 
done, that is, its orbit in reſpect of the earth will ap- 
proach nearer to a ſtraight line. In the laſt place, when 
the moon is in the quarter in E, and equally diſtant 
from the fun. as the earth, we obſerved betore, that 

the 
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the earth and moon would deſcend with equal pace to- 
ward the ſun, ſo as to make no change by that deſcent 
in the angle under FAS ; but the length of the line FA muſt 
of neceſſity be ſhortned. Therefore the moon in moving from 
F-toward the conjunction with the ſun will be impelled more 
toward the earth by the ſun's action, than it would have been 
by the earth alone, if neither the earth nor moon had been 
acted on by the ſun ; fo that by this additional impulſe the 
orbit is rendred more curve, than it would otherwiſe be. 


The fame effect will alſo be produced i in the other quarter. 


18. AnoTHER effect of the ſun's action, conſequent upon 


chis we have now explained, is, that though the moon un- 
diſturbed by the ſun might move in a circle having the earth 
for its center; by the ſun's action, if the earth were to be 


in the very müddle or center of the moon's orbit, yet the 
moon would be nearer the earth at the new and full, than 
in the quarters. In this probably will at firſt appear ſome 
difficulty, that the moon ſhould come neareſt to the earth, 
where it is leaſt attracted to it, and be fartheſt off when moſt 
attracted. - Which yet will appear evidently to follow from 
that very cauſe, by conſidering what was laſt ſhewn, that the 
orbit of the moon in the conjunction and oppoſition i is ren- 
dred leſs curve; for the leſs curve the orbit of the moon is, 
the le will * moon have deſcended from the place 
it would move into, without the action of the earth. Now 
if the moon were to move from any place without farther 
diſturbance from that action, ſince it would proceed i in 
ws line, which would touch its orbit in that He, it would 


recede 
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recede continually from the earth ; and therefore if the power 
of the earth upon the moon, be ſufficient to retain it at 
the ſame diſtance, this diminution of that power will cauſe 
the diſtance to increaſe, though in a leſs degree. But on the 
other hand in the quarters, the moon, being preſſed more to- 
wards the earth than by the earth's ſingle action, will be 
made to approach it; ſo that in paſſing from the conjunction 
or oppoſition to the quarters the moon aſcends from the 
earth, and in paſling from the quarters to the conjunction 
and oppoſition it deſcends again, becoming nearer in theſe 
laſt mentioned places than in the other. 


19. ALL theſe forementioned inequalities are of different 
degrees, according as the ſun is more or leſs diſtant from the 
earth ; greater when the earth is neareſt the ſun, and leſs 
8 Sy it is fartheſt off. For in the quarters, the nearer the 
moon is to the ſun, the greater is the addition to the earth's 
action upon it by the power of the fun ; and in the conjun- 
ction and oppoſition, the difference between the ſun's action 
upon the earth and upon. the moon is likewiſe ſo much the 


greater. 


20. Ts difference in the diſtance between the earth 
and the ſun produces a farther effect upon the moon's mo- 
tion; cauſing the orbit to dilate when leſs remote from the 
ſun, 0 become greater, than when at a farther diſtance. 
For it is proved by Sir Is AA NE WTO N that the action of 
the ſun, by which it diminiſhes the earth's power over the 
moon, in the conjunction or oppoſition, is about twice as 

D d great 
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great, as the addition to the earth's action by the ſun in the 
quarters; ſo that upon the whole, the power of the earth 
upon the moon is diminiſhed by the ſun, and therefore is 
moſt diminiſhed, when the action of the fun is ſtrongeſt : but 
as the earth by its approach to the ſun has its influence leſſen- 
ed, the moon being leſs attracted will gradually recede from 
the earth; and as the earth in its receſs from the ſun recovers 
by degrees its former power, the orbit of the moon muſt a- 
gain contract. Two conſequences follow from hence: the 

moon will be moſt remote from the earth, when the earth is. 
| neareſt the ſun; and alſo will take up a longer time in per- 


forming its wohnen through the dilated orbit, than through 
the more contracted. 


21. THESE irregularities the ſun would produce in the 
moon, if the moon, without being acted on unequally by the 
ſun, would deſcribe a perfect circle about the earth, and in 
the plane of the carth's motion; but though neither of theſe 
ſa ppoſitions obtain in the motion of the moon, yet the fore- 
mentioned inequalities will take place, only with ſome diffe- 
rence in reſpect to the degree of them; but the moon by not 
moving in this manner is ſubject to ſome other inequalities al- 
ſo. For as the moon deſcribes, inſtead of a circle concentri- 
cal to the earth, an ellipſis, with the earth in one focus, that 

f ellipſis will be ſubjected to various changes. It can neither 
preſerve conſtantly the ſame poſition, nor yet the ſame fi- 
gure; and becauſe the plane of this ellipſis is not the ſame 


* Newton, Princ, Lib. I. prop. 66, coroll 7, 


with 
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with that of the earth's orbit, the ſituation of the plane, where- 
in the moon moves, will continually change ; neither the line 
in which it interſects the plane of the earth's orbit, nor the 
inclination of the planes to each other, will remain for any 


time the ſame. All theſe alterations offer themſelves now to 
be explained. 


22. I $HALL firſt conſider the changes which are made 
in the plane of the moon's orbit. The moon not moving 
in the ſame plane with the earth, the ſun is ſeldom in the 
plane of the moon's orbit, viz. only when the line made by 
the common interſection of the two planes, if produced, 
will paſs through the ſun, as is repreſented in fig. 97. where 
8 denotes the ſun; I the earth; AT B the earth's orbit de- 
ſcribed upon the plane of this ſcheme; CDEF the moon's 
orbit, the part CD E being raiſed above, and the part CFE 
depreſſed under the plane of this ſcheme. Here the line CE, 
in which the plane of this ſcheme, that is, the plane of the 
earth's orbit and the plane of the moon's orbit interſect each 
other, being continued paſſes through the ſun in 8s. When 
this happens, the action of the ſun is directed in the plane 
of the moon's orbit, and cannot draw the moon out of this 
plane, as will evidently appear to any one that ſhall conſider 
the preſent ſcheme: for ſuppoſe the moon in G, and let a 
ſtraight line be drawn from G to 8, the ſun draws the moon 
in the direction of this line from G toward 8: but this line lies 
in the plane of the orbit; and if it be prolonged from 8 beyond 
G, the continuation of it will lie on the plane CDE; for the 
plane itſelf, if ſufficiently extended, will paſs through the ſun. 

| Dd 2 But 
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But in other caſes the obliquity of the ſun's action to the plane 
of the orbit will cauſe this plane continually to change. 


23. $UPPOSE in the firſt place, the line, in which the two 
planes interſect each other, to be perpendicular to the line 
which joins the earth and ſun. Let I (in fig. 98, 99, 100, 101.) 
repreſent the earth; 8 the ſun; the plane of this ſcheme the 
plane of the earth's motion, in which both the ſun and earth 
are placed. Let A C be perpendicular to 8 T, which joins the 
earth and fun; and let the line A C be that, in which the plane 

of the moon's orbit interſects the plane of the earth's motion. 
. To the center T deſcribe in the plane of the earth's motion 
the circle AB CD. And in the plane of the moon's orbit 
deſcribe the circle AEC FE, one half of which AEC will 
be elevated above the plane of this ſcheme, the other half : 
AFC as much depreſſed below '1 it. ; 


> 4s Now ſuppoſe the moon to ſet forth from the point A 
(in fig. 98.) in the direction of the plane AEC. Here ſhe. 
will be continually drawn. out of this plane by the action of 
the ſun: for this plane ARC, if extended, will not paſs through 
the fun, but above it; fo that the ſun, by drawing the moon 
directly toward it ſelf, will force it continually more and more 
from that plane towards the plane of the earth's motion, in 
which it ſelf is; cauſing it to deſcribe the line AK G HI, which 
will be convex to the plane A EC, and concave. to the plane 
of the earth's motion. But here this power of the fun, which 
is ſaid to draw the moon toward the plane of the earth's 
motion, muſt be underſtood principally of ſo much only of 
the 
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the ſunꝰs action upon the moon, as it exceeds the action of the 
ſame upon the earth. For ſuppoſe the preceding figure to be 
viewed by the eye, placed in the plane of that ſcheme, and in 
the line C T Aon the fide of A, the plane AB CD will appear as 
the ſtraight line DT B, (in fig. 102.) and the plane AE CF as an- 
other ſtraight line FE; and the curve line AK G HI under the 
form of the line TK GH I. Now it is plain, that the earth and 
moon being both attracted by the ſun, if the ſun's action up- 
on both was equally ſtrong, the earth T, and with it the plane 
AE CF or line F TE in this ſcheme, would be carried toward 
the ſun with as great a pace as the moon, and therefore the 
moon not drawn out of it by the ſun's action, excepting 
only from the ſmall obliquity of the direction of chis action 
upon the moon to that of the ſun's action upon the earth, 
which ariſes from the moon's being out of the plane of the 
earth's motion, and is not very conſiderable; but the action 
of the ſun upon the moon being greater than upon the earth, 
all the time the moon is nearer to the ſun than the earth is, 
it will be drawn from the plane AE C or the line TE by 
that exceſs, and made to deſcribe the curve line AGI or 
T6I. But it is the cuſtom of aſtronomers, inſtead of con- 
ſidering the moon as moving in ſuch a curve line, to refer 
its motion continually to the plane, which touches the true 
line wherein it moves, at the point where at any time the 
moon is. Thus when the moon is in the point A, its motion 
is conſidered as being in the plane A E C, in whoſe direction it 
then eſſaies to move; and when in the point K (in fig. 99. 
its motion is referred to the plane, which paſſes through the 


earth, and touches the line AK GIII in the pont K. Thus 
tha 
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the moon in paſſing from A to I will continually change the 
plane of her motion. In what manner this change proceeds, 
I ſhall now particularly explain. 


25. LET the plane, which touches the line AKT in the point 
K (infig.99.) interſect the plane of the earth's orbit in the line 
LTM. Then, becauſe the line AKI is concave to the plane 
ABC, it falls wholly between that plane, and the plane which 
touches it in K; ſo that the plane MK L will cut the plane AEC, 
before it meets with the plane of the earth's motion; ſuppoſe 
in the line YT, and the point A will fall between K and L. 
With a ſemidiameter equal to TY or TL deſcribe the ſemi- 
Circle L M. Now to a ſpectator on the earth the moon, when 
in A, will appear to move in the circle AE CE, and, when in 
E, will appear to be moving in the ſemicircle LV M. The 
earth's motion is performed in the plane of this ſcheme, and 
to a ſpectator on the earth the fun will appear always moving 
in that plane. We may therefore refer the apparent motion 
of the ſun to the circle AB C D, deſcribed in this plane about 
the earth. But the points where this circle, in which the 
ſun ſeems to move, interſects the circle in which the moon 
is ſeen at any time to move, are called the nodes of the moon's 
orbit at that time. When the moon is ſeen moving in the cir- 
cle AECD, the points A and C are the nodes of the orbit ; 
- when ſhe appears in the ſemicircle LYM, then L and M are 
the nodes. Now here it appears, from what has been faid, 
that while the moon has moved from A to K, one of the 


nodes has been carried from A to L, and the other as much 


from C to M. But the motion from A to L, and from C to 
4. M, is 
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M, is backward in regard to the motion of the moon, which 
is the other way from A to K, and from thence toward C. 


26. FARTHER the angle, which the plane, wherein the 
moon at any time appears, makes with the plane of the earth's 
motion, is called the inclination of the moon's orbit at that 
time. And I ſhall now proceed to ſhew, that this inclina- 
tion of the orbit, when the moon is in K, is leſs than when 


ſhe was in A; or, that the plane LVM, which touches the 
line of the moon's motion in K, makes a leſs angle with the 
plane of the earth's motion or with the circle ABCD, than: 


the plane A E C makes with the fame. The ſemicircle LY M 
interſects the ſemicircle AEC in Y; and the arch AY is leſs 


than LY, and both together leſs than half a circle. But it is de- 
monſtrated by the writers on that part of aſtronomy, which is 
called the doctrine of the ſphere, that when a triangle is made, 
as here, by three arches of circles AL, AY, and YL, the angle 
under YAB without the triangle is greater than the angle under 
YLA within, if the two arches AY, YL taken together do 
not amount to a ſemicircle ; if the two arches make a com- 
plete ſemicircle, the two angles will be equal; but if the two 
arches taken together exceed a ſemicircle, the inner angle un- 
der Y L A is greater than the other *. Here therefore the two 
arches AY and LY together being leſs than a ſemicircle, the 
angle under ALY is leſs, than the angle under BAE. But 
from the doctrine of the ſphere it is alſo evident, that the an- 
gle under ALY is equal to that, in which the plane of the 


Menchi Sphaeric. Lib, I. prop. 10, 


circle 
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eircle LV K M, that is, the plane which touches the line A K 
-GHI in K, is inclined to the plane of the earth's motion ABC; 
and the angle under B AE is equal to that, in which the plane 
AEC is inclined to the ſame plane. Therefore the inclina- 
tion of the former plane is leſs than the inclination of the latter. 


27. Surrosꝝ now the moon to be advanced to the point 

G (in fig. 100.) and in this point to be diſtant from its node 
a quarter part of the whole circle; or in other words, to be 
in the midway between its two nodes. And in this caſe the 
nodes will have receded yet more, and the inclination of the 
orbit be ſtill more diminiſhed : for ſuppoſe the line AK GH 
to be touched in the point G by a plane paſſing through the 
earth T: let the interſection of this plane with the plane of 
the earth's motion be the line W TO, and the line TP its in- 
terſection with the plane LK M. In this plane let the circle 
NGO be deſcribed with the ſemidiameter TP or N T cutting 
the other circle Lk Min P. Now. the line AK GI is convex 
to the plane LK M, which touches it in K; and therefore the 
plane NGO, which touches it in G, will interſect the other 
touching plane between G and K; that is, the point P will fall 
between thoſe two points, and the plane continued to the 
plane of the earth's motion will paſs beyond L; ſo that the 
points N and O, or the places of the nodes, when the moon 
is in G, will be farther from A and C than L and M, that is, 
will have moved farther backward. Beſides, the inclination 
of the plane NGO to the plane of the earth's motion ABC 
is leſs, than the inclination of the plane LK M to the fame; for 
here alſo the two arches LP and NP taken together are leſs 
than 
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than a ſemicircle, each of theſe arches being leſs than a quar- 
ter of a circle; as appears, becauſe GN, the diſtance of the 
moon in G from its node N, is here ſuppoſed to be a quarter 
part of a circle. 


28. Arrzn the moon is paſſed beyond G, the caſe is altered; 
for then theſe arches will be greater than quarters of the circle, 
by which means the inclination will be again increaſed, tho? 
the nodes ſtill go on to move the ſame way. Suppoſe the 
moon in H, (in fig. 101.) and that the plane, which touches 
the line AK GI in H, interſects the plane of the earth's mo- 
tion in the line QTR, and the plane NGO in the line TV, 
and beſides that the circle Q R be deſcribed in that plane; 
then, for the ſame reaſon as before, the point V will fall be- 
tween H and G, and the plane RVQ will paſs beyond the 
laſt plane O VN, cauſing the points Q and R to fall farther 
from A and C than N and O. But the arches NV, VQ are 
each greater than a quarter of a circle, N V the leaſt of them 
being greater than GN, which is a quarter of a circle; and 
therefore the two arches NV and V Q together exceed a ſe- 
micircle; conſequently the angle under BQ will be greater, 
than that under BN V. 


29. IN the laſt place, when the moon is by this attra- 
ction of the fun, drawn at length into the plane of the earth's 
motion, the node will have receded yet more, and the incli- 
nation be ſo much increaſed, as to become fomewhat more 
than at firſt : for the line AK GH being convex to all the 
planes, which touch it, the part HI will wholly fall between 

E e the 
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the plane QV R and the plane A B C; ſo that the point I will fall 
between B and R; and drawing IT W, the point W will be far- 
ther remov d from A than Q. But it is evident, that the plane, 
which paſſes through the earth T, and touches the line AG 
in the point I, will cut the plane of the earth's motion ABCD 
in the line IT W, and be inclined to the ſame in the angle un- 
der H IB; ſo that the node, which was firſt in A, after having 
paſſed into L, N and Q, comes at laſt into the point W; as the 
node which was at firſt in C has paſſed ſucceſſively from thence 
through the points M, O and R toI: but the angle under H IB, 
which is now the inclination of the orbit to the plane of the 
ecliptic, is manifeftly not leſs than the angle under ECB or 
EA B, but rather ſomething greater. 


30. Tus the moon in the caſe before us, while it paſ- 
ſes from the plane of the earth's motion in the quarter, till it. 
comes again into the ſame plane, has the nodes of its-orbit 
continually moved backward, and the inclination of its orbit 
is at firſt diminiſhed, viz. till it comes to G in fig. 100, which is 
near to its conjunction with the ſun, but afterwards is increaſ- 
ed again almoſt by the ſame degrees, till upon the moon's 
arrival again to the plane of the earth's motion, the inclina- 
tion of the orbit is reſtored to ſomething more than its farſt 
magnitude, though the difference is not: very great, becauſe 
the points I and C are not far diſtant from each other 


>. Vid. Newt, Princ, Lib. I. prop. 66, corol!, 10. 
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: 3 1. AFTER the ſame manner, if the moon had depart- 
ed from the quarter in C, it ſhould have deſcribed the curve 
line CX W (in fig. 98.) between the planes AFC and ADC, 
which would be convex to the former of thoſe planes, and 
concave to the latter; ſo that, here alſo, the nodes ſhould 
continually recede, and the inclination of the orbit gradually 
diminiſh more and more, till the moon arrived near its oppo- 
fition to the ſun in X; but from that time the inclination 
ſhould again increaſe, till it became a little greater than at firſt. 
This will eaſily appear, by conſidering, that as the action of 
the ſun upon the moon, by exceeding its action upon the earth, 
drew it out of the plane A EC towards the fun, while the moon 
paſſed from A to I; ſo, during its paſſage from C to W, the 
moon being all that time farther from the ſun than the earth, 
it will. be attracted leſs; and the earth, together with the 
plane AECF, will as it were be drawn from the moon, in 
ſuch ſort, that the path the moon deſcribes ſhall appear from 
the earth, as it did in the former caſe by the moon's being 
drawn away. 


> 2. THsss are the changes, which the nodes and the in- 
clination of the moon's orbit undergo, when the nodes are in 
the quarters ; but when the nodes by their motion, and the 
motion of the ſun together, come to be ſituated between the 
quarter and conjunction or oppoſition, their motion and the 


change made in the inclination of the orbit are ſomewhat dif- 
ferent. 


SES 33. LET 
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33. LET AGCH (in fig. 103.) be a circle deſcribed in the 
plane of the earth's motion, having the earth in T for its center. 
Let the point oppoſite to the ſun be A, and the point G a fourth 
part of the circle diſtant from A. Let the nodes of the moon's 
orbit be ſituated in the line B T P, and B the node, falling be- 
tween A, the place where the moon would be in the ful}, 
and G the place where the moon would be in the quarter. 
Suppoſe B E DF to be the plane, in which the moon eſſays to 
move, when it proceeds from the point B. Becauſe the moon 
in B is more diſtant from the ſun than the earth, it ſhall be 
leſs attracted by the ſun, and ſhall not deſcend towards the 
ſun ſo faſt as the earth: conſequently it ſhall quit the plane 
BED FE, which we ſuppoſe to accompany the earth, and de- 
{cribe the line BIK convex thereto, till ſuch time as it comes 
to the point K, where it will be in the quarter: but from 
thenceforth being more attracted than the earth, the moon 
ſhall change its courſe, and the following part of the path 
it deſcribes ſhall be concave to the plane BED or BGD, 
and ſhall continue concave to the plane B GD, till it croſſes 
that plane in L, juſt as in the preceding caſe. Now I fay, 
while the moon is paſſing from B to K, the nodes, contrary 
to what was found in the foregoing caſe, will proceed for- 
ward, or move the fame way with the moon; and at the 
fame time the inclination of the orbit will increaſe ®. 
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34. Wren the moon is in the point I, let the plane 
MIN paſs through the earth T, and touch the path'of the 


» Vid. Newt. Princ. Lib. III. prop 30. p. 440: > Ibid. Lib. I. prop. 66. coroll. 10. 
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moon in I, cutting the plane of the earth's motion in the line 
MTN, and the plane BED in the line TO. Becauſe the line 
BIK is convex to the plane BED, which touches it in B, the 
plane NIM muſt croſs the plane DEB, before it meets the 
plane CGB; and therefore the point M will fall from B to- 
wards G, and the node of the moon's orbit being tranſlated 
from B to M is moved forward. 


35. I sar farther, the angle under OMG, which the 
plane MON makes with the plane BGC, is greater than the 
angle under OBG, which the plane BOD makes with the 
ſame. This appears from what has been already explained ; 
becauſe the arches BO, OM are each leſs than the quarter of 
a Circle, and therefore taken both together are leſs than a ſe- 


micircle. 


36. AGAIN, when the moon is come to the point K in 
its quarter, the nodes will be advanced yet farther forward, 
and the inclination of the orbit alſo more augmented. Hi- 
therto the moon's motion has been referred to the plane, 
which paſling through the earth touches the path of the 
moon in the point, where the moon is, according to what 
was aſſerted at the beginning of this diſcourſe upon the. 
nodes, that it is the cuſtom of aſtronomers ſo to do. But 
here inthe point K no ſuch plane can be found ; on the contra- 
ry, ſeeing the line of the moon's motion on one fade the point 
K is convex to the plane BED, and on the other fide con- 
cave to the ſame, no plane can paſs through the points T and 


, but will cut the line BK Lin that point. Therefore inſtead 
: of 
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of ſuch a touching plane, we muſt here make uſe of what is 
equivalent, the plane PK Q, with which the line BK L ſhall 
make a leſs angle than with any other plane; for this plane 
does as it were touch the line BK in the point K, ſince it fo 
cuts it, that no other plane can be drawn fo, as to paſs be- 
tween the line BK and the plane PKO. But now it is evi- 
dent, that the point P, or the node, is removed from M to- 
wards G, that is, has moved yet farther forward ; and it is 
likewiſe as manifeſt, that the angle under K PG, or the in- 
clination of the moon's orbit in the point K, is greater than 
the angle under I MG, for the reaſon fo often aſſigned. 


37. AFTER the moon has paſſed the quarter, the path of 
the moon being concave to the plane AG CH, the nodes, as 
in the preceding caſe, ſhall recede, till the moon arrives at 
the point L; which ſhews, that conſidering the whole time 
of the moon's paſſing from B to L, at the end of that time the 
nodes ſhall be found to have receded, or to be placed back- 
warder, when the moon is in L, than when it was in B. For 
the moon takes a longer time in paſſing from K to L, than 
in paſſing from B to K; and therefore the nodes continue to 
recede a longer time, than they moved forwards; ſo that their 
receſs muſt ſurmount their advance. 


38. Ix the ſame manner, while the moon is in its paſſage 
from K to L, the inclination of the orbit ſhall diminiſh, till 
the moon comes to the point, in which it is one quarter 
part of a circle diftant from its node; ſuppoſe in the point 
R; and from that time the inclination ſhall again increaſe. 

| | Since 
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Since therefore the inclination of the orbit increaſes, while 
the moon is paſſing from B to Kk, and diminiſhes itſelf a- 
gain only, while the moon is paſſing from K to R, and then 
augments again, till the moon arrive in L; while the moon is 
paſſing from B to L, the inclination of the orbit is much more 
increaſed than diminiſhed, and will be diſtinguiſhably greater, 


when the moon is come to L, than when it ſet out from B. 


39. In like manner, while the moon is paſſing from L on 
the other fide the plane AG CH, the node ſhall advance for- 
ward, as long as the moon is between the point Land the next 
quarter; but afterwards it ſhall recede, till the moon come 
to paſs the plane A G CH again in the point V, between B and 
A: and becauſe the time between the moon's paſſing from 
L to the next quarter is leſs, than the time between that quar- 
ter and the moon's coming to the point V, the node ſhall 
have more receded than advanced; ſo that the point V will 
be nearer to A, than L is to C. 80 alſo the inclination of the | 
orbit, when the moon is in V, will be greater, than when the 
moon was at L; for this inclination increaſes all the time the 

moon is between L and the next quarter; it decreaſes only 
while the moon is paſſing from this quarter to the mid way 
between the two nodes, and from thence increaſes again du- 
ring the whole paſſage through the other half of the way to 
the next node. 3 : 


A 


40. Thus we have traced the mo from her node in 
the quarter, and ſhewn, that at every period of the moon the 
| nodes will have receded, and — will have approached 


toward 
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toward a conjunction with the ſun. But this conjunction will 
be much forwarded by the viſible motion of the fun itſelf. 
In the laſt ſcheme the fun will appear to move from 8 to- 
ward W. Suppoſe it appeared to have moved from 8 to W, 
while the moon's node has receded from B to V, then drawing 
the line WI X, the arch VX will repreſent the diſtance of the 
line drawn between the nodes from the ſun, when the moon 
is in x; whereas the arch BA repreſented that diſtance, when 
the moon was in B. This viſible motion of the fun is much 
greater, than that of the node ; for the ſun appears to revolve 
quite round each year, and the node is near 19 years in mak- 
ing one revolution. We have alſo ſeen, that when the node 
was in the quadrature, the inclination of the moon's orbit de- 
' creaſed, till the moon came to the conjunction, or oppoſi- 
tion, according to which node it ſet out from ; but that af- 
terwards it again increaſed, till it became at the next node ra- 
ther greater than at the former. When the node is once re- 
moved from the quarter nearer to a conjunction with the fun, 
the inclination of the moon's orbit, when the moon comes 
into the node, is more ſenſibly greater, than it was in the node 
preceding; the inclination of the orbit by this means more 
and more increaſing till the node comes into conjunction with 
the ſun; at which time it has been ſhewn above, that the ſun 
has no power to change the plane of the-moon's motion; and 
conſequently has no effect either on the nodes, or on thes in- 
clination of the orbit 


41. As ſoon as the nodes, by. the don of the fan,.. are 
g 0 out of conjunction toward the other quarters, they begin 


again 
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again to recede as before; but the inclination of the orbit in 
the appulſe of the moon to each ſucceeding node is leſs than 
at the preceding, till the nodes come again into the quar- 
ters. This will appear as follows. Let A (in fig. 104.) re- 
preſent one of the moon's nodes placed between the point 
of oppoſition B and the quarter C. Let the plane ADE paſs 
through the earth T, and touch the path of the moon in A. 
Let the line AFGH be the path of the moon in her paſſage 
from A to H, where ſhe croſſes again the plane of the earth's 
motion. This line will be convex toward the plane ADE, till 
the moon comes to G, where ſhe is in the quarter ; and after 
this, between G and H, the ſame line will be concave toward 
this plane. All the time this line is convex toward the plane 
ADE, the nodes will recede; and on the contrary proceed, 
while it is concave to that plane. All this will eaſily be con- 
ceived from what has been before ſo largely explained. But 
the moon is longer in paſſing from A to G, than from G to H; 
therefore the nodes recede a longer time, than they proceed; 
conſequently upon the whole, when the moon is arrived at 
H, the nodes will have receded, that is, the point H will fall 
between B and E. The inclination of the orbit will decreaſe, 
till the moon is arrived to the point F, in the middle between 
A and H. Through the paſſage between F and G the incli- 
nation will increaſe, but decreaſe again in the remaining part 
of the paſſage from G to H, and conſequently at H muſt be 
leſs than at A. The like effects, both in reſpect to the nodes 
and inclination of the orbit, will take place in the following 
paſſage of the moon on the other fide of the plane ABEC, 
from H, till it comes over that plane again in J. | 
Ef „ n 


218 Sir ISA Ae N EWTON s Book II. 


42. Tus the inclination of the orbit is greateſt, when 
che line drawn between the moon's nodes will paſs through 
the ſun; and leaſt, when this line lies in the quarters, eſpecial- 
ly if the moon at the ſame time be in conjunction with the 
ſun, or in the oppoſition. In the firſt of theſe caſes the nodes 
have no motion, in all others, the nodes will each month 
have receded : and this regreſſive motion will be greateſt, 
when the nodes are in the quarters; for in that caſe the nodes 
have no progreſſive motion during the whole month, but in 
all other caſes the nodes do at ſome times proceed forward, 
viz. whenever the moon is between either quarter, and the 


node which i is leſs diſtant amr ont _ 0 a fourth 
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_ 3. IT now remains only to explain the irregularities in 
the moon's motion, which follow from the elliptical figure 
of the orbit. By what has been faid at the beginning of this 
chapter i it appears, that the power of the earth on the moon 

acts in the reciprocal 5 55 proportion of the diſtance: 

therefore the moon, if undiſturbed by the ſun, would move 
round the earth in a true ellipſis, and the line drawn from 
the earth to the moon would paſs oyer equal ſpaces in equal 
portions of time. That this deſcrip tion of the ſpaces is 
altered by the ſun, has. been already gona It has alſo 
been ſhewn, that the figure of - orbit i is changed each 
month; that the moon is nearer the earth at the neu and 
full, IT more remote in the quarters, than i it would be with- 
out the ſun. Now we muſt paſs by theſe monthly changes, 
and conſider the cllect, which the. un. wall have in the differ- 


ent 
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ent ſituations of the axis of the orbit in reſpect of that lu- 


44. Tux action of the ſun varies the force, wherewith 
the moon is drawn toward the earth; in the quarters the 
force of the earth is directly increaſed by the ſun ; at the 
new and full the ſame is diminiſhed; and in the interme- 
diate places the influence of the earth is ſometimes aided, and 
ſometimes leſſened by the ſun. In theſe intermediate places 
between the quarters and the conjunction or oppoſition, 
the ſun's action is fo oblique to the action of the earth on 
the moon, as to produce that alternate acceleration and re- 
tardment of the moon's motion, which I obſerved above 
to be ſtiled the variation. But beſides this effect, the power, 
by which the earth attracts the moon toward itſelf, will not 
be at full liberty to act with the fame force, as if the ſun 
acted not at all on the moon. And this effect of the ſun's 
action, whereby it corroborates or weakens the action of the 
earth, is here only to be conſidered. And by this influence 
of the ſun it comes to paſs, that the power, by which the 
moon is impelled toward the earth, is not perfectly in the re- 
ciprocal duplicate proportion of the diſtance. Conſequently 
the moon will not deſcribe a perfect ellipſis. One particular, 
wherein the moon's orbit will differ from an ellipſis, con- 


ſiſts in the places, where the motion of the moon is perpen- 
dicular to the line drawn from itſelf to the earth. In an 


ellipfis, after the moon ſhould have ſet out in the direction 
perpendicular to this line drawn from itſelf to the earth, 
and at its greateſt diſtance from the earth, its motion would 


Ea. again 
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again become perpendicular to this line drawn between it- 
ſelf and the earth, and the moon be at its neareſt diſtance 


from the earth, when it ſhould have performed half its pe- 


riod; after performing the other half of its period its mo- 
tion would again become perpendicular to the foremention- | 
ed line, and the moon return into the place whence it ſet out, 
and have recovered again its greateſt diſtance. But the moon 
in its real motion, after ſetting out as before, ſometimes makes 

more than half a revolution, before its motion comes again 
to be perpendicular to the line drawn from itſelf to the earth, 
and the moon is at its neareſt diſtance; and then performs 
more than another half of an intire revolution before its mo- 
tion can a ſecond time recover its ndicular direction to 
the line drawn from the moon to the earth, and the moon 
arrive again to its greateſt diſtance from the earth. At other 
times the moon will deſcend to its neareſt diſtance, before it 
has made half a revolution, and recover again its greateſt di- 
ſtance, before it has made an intire revolution. The place, 
where the moon is at its greateſt diſtance from the earth, is call- 
ed the moon's apogeon, and the place of the leaſt diſtance 
the perigeon. This change of the place, where the moon 
ſucceſſively comes to its greateſt diſtance from the earth, is 
called the motion of the apogeon. In what manner the fun 
cauſes the apogeon to move, I ſhall now endeavour to explain. 


45. Our author ſhews, that if the moon were attract- 
ed toward the earth by a compoſition of two powers, one 
of which were reciprocally in the duplicate proportion of 
the diſtance from the earth, and the other reciprocally 
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in the triplicate proportion of the ſame diſtance; then, 
though the line deſcribed by the moon would not be in 
reality an ellipſis, yet the moon's motion might be perfectly 
explained by an ellipſis, whoſe axis ſnould be made to move 
round the earth; this motion being in conſequence, as aſtro- 
nomers expreſs chemſelves, that is, the ſame way as the moon 
itſelf moves, if the moon be attracted by the ſum of the two 
powers; but the axis muſt move in antecedence, or the con- 
trary way, if the moon be acted on by the difference of theſe 
powers. What is meant by duplicate proportion has been 
often explained; namely, that if three magnitudes, as A, B, 
and C, are ſo related, that the ſecond B bears the ſame pro- 
portion to the third C, as the firſt A bears to the fecond 
B, then the proportion of the farſt A to the third C, is the 
duplicate of the proportion of the firſt A to the ſecond B. 
Now if a fourth magnitude, as D, be aſſumed, to which C 
ſhall bear the ſame proportion as A bears to B, and B to C, 
then the proportion of A to D is the triplicate of the pro- 
portion of A to B. 


46. Tuz' way of repreſenting the moon's. motion in 
this caſe is thus. I denoting the earth (in fig. 105, 106.) 
ſuppoſe the moon' in the point A, its apogeon, or greateſt 
diſtance from the earth, moving in the direction AF per- 
pendicular to A B, and acted upon from the earth by two 
ſuch forces as have been named. By that power alone, 
which is reciprocally in the duplicate proportion of the 
diſtance, if the moon ſet out from the point A with a 
proper degree of velocity, the ellipſis AMB may be de- 
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ſcribed. But if the moon be acted upon by the ſum of the 


forementioned powers, and the velocity of che moon in the 
point A be augmented. in a certain proportion ; or if that 
velocity be diminiſhed in a certain proportion, and the moon 
be 24 upon by the difference of thoſe powers; in both 
theſe caſes = tne AE, which ſhall be deſcribed by the 
moon, is thus to he determined. Let the point M be that, 
into which the moon would have arrived i in any given ſpace 
of time, had it moyed i in the ellipſis AMB. Draw MT, 
and likewiſe C T P in ſuch fort, The the angle under A'T M 
ſhall bear the ſame proportion to, the angle under ATC, as 
the velocity, with which the ellipſis AM muſt have been de- 
{cribed, bears to the difference between this velocity, and the 
velocity, with which the moon muſt ſet out from the point A 
in order to deſcribe the path A E. Let the angle A T C be ta- 
ken toward the moon (as in fig. 10.) if the moon be attract 
ed by the ſum of the powers; but the contrary way (as in 
fig. 106. ) if by their difference. Then let the line A B be 
moved into the poſition CD, and the ellipſis AMB into the 
ſituation CN D, fo that the point M be tranſlated to L: then 
the Point L ſhall fall won he wn. the moon AB. 


47. Tux angular motion af che line AT, wereby it-is 
removed into the ſituation C T, repreſents the motion of the 
apogeon; by the means of which the motion of the moon 
might be fully explicated by the ellipſis A M B. if the action of 
the ſun upon it was directed to the center of the earth, and 


a What this proportion i is, may be known from Corol. 2. prop 44. Lib. I. Princ. philoC Newton. 
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reciprocally in the triplicate proportion of the moon's diſtance 
from it. But that not being ſo, the apogeon will not move in 
the regular manner now deſcribed. However, it is to be ob- 
ſerved here, that in the firſt of che two preceding caſes, where 
the apogeon moves forward, the whole centripetal power 
increaſes faſter, with the decreaſe of diſtance, than if the 
intire power were reciprocally in the duplicate proportion of 
the diſtance; becauſe one part only 1 is in that proportion, 
and the othis part, which is added to this to make up the 
whole power, increaſes faſter with the decreaſe of diftance- 
On the other hand, when 'the centripetal power is the differ- 
ence between theſe two, it increaſes leſs with the decreaſe of 
the diſtance, char; if it were ſimply i in the reciprocal dupli- 
cate Proportion of the diſtance; Therefore if we chuſe to ex- 
plain the moon's motion by an ellipſis (as is moſt convenient 
for aſtronomical uſes to be done, and by reaſon of the ſmall 
effect of the ſun's power, the doing fo will not be attended 
with any ſenſible error;) we may collect in general, that 
when the power, by which the moon is attracted to the earth, 
by varying the diſtance, increaſes in a greater than in the du- 
plicate proportion of the diſtance diminiſhed, a motion in con- 
ſequence muſt be aſcribed to the apogeon; but that when the 
attraction increaſes in a leſs proportion than that named, the 
apogeon muſt have given to.it a motion in antecedence*. It is 
then obſerved by Sir I's. Nzwr ON, that the firſt of theſe caſes 
obtains, when the moon is in the conjunction a and oppoſition ;; 
and the latter, when the moon is in the quarters: fo that 
in the firſt the apogeon moves according to the order of the: 


2 Princ. Phil, Newt. Lib. I. prop. 45. Coroll. 1 


figns; 
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ſigns; in the other, the contrary way *. But, as was ſaid before, 
the diſturbance given to the action of the earth by the ſun in 
the conjunction and oppoſition being near twice as great as 
in the quarters, the apogeon will advance with a greater 
velocity than recede, and in the compaſs of a whole revo- 
lution of the eee eee, 


48. Ir is ſhewn i in the next place by our author, that 
when the line AB coincides with that, which joins the earth 
and the ſun, the progreſſive motion of — banc when 
the moon is in the conjunction or oppoſition, exceeds the 
regreſſive in the quadratures more than in any, other fitua- 
tion of the line AB*. On the contrary, when the line AB 
7 makes right angles with that, which joins the earth and fun, 
the retrograde motion will be more conſiderable ©, nay is 
found ſo great as to exceed the progreſſive ſo that in this 
eaſe the apogeon in the compaſs of an intire revolution of 
the moon is carried in antecedence. Vet from the conſi· 
derations in the laſt paragraph the progreſſive motion ex- 
ceeds the other; fo that i in the whole the mean motion of 
the apogeon is in conſequence according as aſtronomers, 
find. Moreover, the line AB changes its ſituation with that, 
which joins the earth and fun, by ſuch ſlow degrees, that the 
inequalities in the motion of the apogeon ariſing from this 
laſt conſideration, are much pro than what ariſes from 
the other. 
» Pr. Phil. Newt Lib1. prop. bc. Cool. j. | Hg. Coroll. 8. 
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f 49. FARTHER, this unſteady motion in the apogeon is at- 
tended with another inequality in the motion of the moon, that 
it cannot be explained at all times by the ſame ellipſis. The 
ellipſis in general is called by aſtronomers an eccentric orbit. 
The point, in which the two axis's croſs, is called the center of 
the figure; becauſe all lines drawn through this point within 
the ellipſis, from ſide to ſide, are divided in the middle by 
this point. But the center, about which the heavenly bodies 
revolve, lying out of this center of the figure in one focus, 
theſe orbits are ſaid to be eccentric; and where the diſtance of 
the focus from this center bears the greateſt proportion to the 
whole axis, that orbit is called the moſt eccentric : and in 
ſuch an orbit the diſtance from the focus to the remoter ex- 
tremity of the axis bears the greateſt proportion to the di- 
Nance of the nearer extremity. Now whenever the apo- 
geon of the moon moves in conſequence, the moon's motion 
muſt be referred to an orbit more eccentric, than what the 
moon would deſcribe, it the whole power, by which the 
moon was acted on in its paſſing from the apogeon, changed 
according to the reciprocal duplicate proportion of the di- 
ſtance from the earth, and by that means the moon did de- 
{cribe an immoveable ellipſis; and when the apogeon moves 
in antecedence, the moon's motion muſt be referred to an 
orbit leſs eccentiic. In the firft of the two figures laſt re- 
ferred to, the true place of the moon I. falls without the orbit 
AM B, to which its motion is referred: whence the orbit ALF, 
truly deſeribed by the moon, is leſs incurvated in the point A, 
than is the orbit AMB; therefore the orbit AMB is more ob- 
long, and differs farther from a circle, than the ellipſis would, 
* WE. | whoſe 
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whoſe curvature in A were equal to that of the line ALB, 
that is, the proportion of the diſtance of the earth T from 
the center of the ellipſis to its axis will be greater in the el- 
lipſis AMB, than in the other; but that other is the ellipſis, 
which the moon would deſcribe, if the power acting upon it 
in the point A were altered in the reciprocal duplicate pro- 
portion of the diſtance. In the ſecond figure, when the 
apogeon recedes, the place of the moon L falls within the 
orbit AMB, and therefore that orbit is leſs eccentric, than 
the immoveable orbit which the moon ſhould deſcribe. The 
truth of this is evident; for, when the apogeon moves for- 
ward, the power, by which the moon is influenced in its de- 
ſcent from the apogeon, increaſes faſter with the decreaſe of 
diſtance, than in the duplicate proportion of the diſtance; 
and conſequently the moon being drawn more forcibly to- 
ward the earth, it will deſcend nearer to it. On the other 
hand, when the apogeon recedes, the power acting on. the 
moon increaſes with the decreaſe of diſtance in leſs than the 
duplicate proportion of the diſtance; and therefore the moon 


is leſs impelled toward the earth, and will not deſcend ſo low. 


yo. Now ſuppoſe in the firſt of theſe figures, that the 
apogeon A is in the ſituation, where it is approaching toward 
the conjunction or oppoſition of the ſun. In this caſe the pro- 
greſſive motion of the apogeon is more and more accelerated. 
Here ſuppoſe that the moon, after having deſcended from A 
through the orbit A E as far as E, where it is come to its neareſt | 
- diſtance from the earth, aſcends again up the line FG. Be- 
cauſe the motion of the apogeon is here continually more and 


more: 
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more accelerating, the cauſe of its motion is conſtantly up- 
on the increaſe; that is, the power, whereby the moon is 
drawn to the earth, will decreaſe with the increaſe of diſtance, 
in the moon's aſcent from F, in a greater proportion than that 
wherewith it increaſed with the decreaſe of diſtance in the 
moon's deſcent to F. Conſequently the moon will aſcend high- 

er than to the diſtance A T, from whence it deſcended; there- 
fore the proportion of the greateſt diſtance of the moon to 
the leaſt is increaſed. And when the moon deſcends again, the 
power will yet more increaſe with the decreaſe of diſtance, 
than in the laſt aſcent it decreaſed with the augmentation 
of diſtance; the moon therefore muſt deſcend nearer to the 
earth than it did before, and the proportion of the greateſt 
diſtance to the leaſt yet be more increaſed. Thus as long 
as the apogeon is advancing toward the conjunction or oppo- 
ſition, the proportion of the greateſt diſtance of the moon 
from the earth to the leaſt will continually increaſe ; and 
the elliptical orbit, to which the moon's motion is referred, 
will be rendered more and more eccentric. 


FI. As ſoon as the apogeon is paſſed the conjunction 
with the ſun or the oppoſition, the progreſſive motion thereof 
abates, and with it the proportion of the greateſt diſtance of 
the moon from the earth to the leaſt diſtance will alſo dimi- 
niſh; and when the apogeon becomes regreſſive, the diminu- 
tion of this proportion will be ſtill farther continued on, till 
the apogeon comes into the quarter; from thence this pro- 
portion, and the eccentricity of the orbit will increaſe again. 
Thus the orbit of the moon is moſt eccentric, when the apo- 
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geon is in conjunction with the ſun, or in oppoſition to it, 


and leaſt of all when the apogeon is in the quarters. 


52. THess changes in the nodes, in the inclination of 
the orbit to the plane of the earth's motion, in the apogeon, 
and in the eccentricity, are varied like the other inequalities 
in the motion of the moon, by the different diſtance of the 


earth from the fun; being greateſt, when their cauſe is great- 
eſt, that is, when the earth is neareſt to the ſun. 


$3. I faid at the beginning of this chapter, that Sir Is a ac 
NzwrToN has computed the very quantity of many of the 
moon's inequalities. 'That acceleration of the moon's mo- 
tion, which is called the variation, when greateſt, removes 
the moon out of the place, in which it would otherwiſe be 
found, ſomething more than half a degree *. In the phraſe 
of aſtronomers, a degree is , part of the whole circuit of 
the moon or any planet. If the moon, without diſturbance 
from the ſun, would have deſcnbed a circle concentrical to 
the earth, the fun will cauſe the moon to approach nearer 
to the earth in the conjunction and oppoſition, than in the 
quarters, nearly in the proportion of 69 to 70*. We had 
occaſion to mention above, 'that the nodes perform their pe- 
riod in almoſt 19 years. This the aſtronomers found by 
obſervation ; and our author's computations aſſign to them 
the ſame period ©, The inclination of the moon's orbit when 
| leaſt, is an angle about ;; part of that angle, which conſtitutes 


*. Newt. Princ. Lib. III. prop. 29. d Ibid. prop. 28. _ © Thid, prop. 32. 
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a perpendicular; and the difference between the greateſt and 


leaſt inclination of the orbit is determined by our author's 
computation to be about ; of the leaſt inclination . And 
this alſo is agreeable to the obſervations of aſtronomers. The 
motion of the apogeon, and the changes in the eccentricity, 
Sir Is AAC NEwToON has not computed. The apogeon 
performs its revolution in about eight years and ten months. 
When the moon's orbit is moſt eccentric, the greateſt di- 


ſtance of the moon from the earth bears to the leaſt di- 
ſtance nearly the proportion of 8 to 7 ; when the orbit is 
leaſt eccentric, this proportion is hardly ſo great as that of 
12 to 11. 


54. Sir Isaac NEW TON ſhews farther, how, by com- 
paring the periods of the motion of the ſatellites, which re- 
volve round Jupiter and Saturn, with the period of our 
moon round the earth, and the periods of thoſe planets 
round the ſun with the period of our earth's motion, the 
inequalities in the notion of thoſe ſatellites may be derived 
from the inequalities in the moon's motion; excepting on- 
ly in regard to that motion of the axis of the orbit, which 
in the moon makes the motion of the apogeon ; for the 
orbits of thoſe ſatellites, as far as can be diſcerned by us at 
this diſtance, appearing little or nothing eccentric, this 
motion, as deduced from the moon, muſt be diminiſhed.. 


» Newt. Princ. pag. 459. 
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CH Ap. IV. 
Of COMETS. 


1 the former of the two preceding chapters the powers 
have been explained, which keep in motion thoſe cele- 


ſtial bodies, whoſe courſes had been well determined by the 
aſtronomers. In the laſt chapter we have ſhewn, how thoſe 
powers have been applied by our author to the making a 
more perfect diſcovery of the motion of thoſe bodies, the 
courſes of which were but imperfectly underſtood ; for 
' ſome of the inequalities, which we have been deſcribing 
in the moon's motion, were unknown to the aſtronomers. 
In this chapter we are to treat of a third ſpecies of the hea- 
venly bodies, the true motion of which was not at all ap- 
prehended before our author writ; in ſo much, that here 
Sir Isaac NEwToON has not he explained the cauſes of 
the motion of theſe bodies, but has performed alſo the part 
of an aſtronomer, by diſcovering what their motions are. 


2. Tha theſe bodies are not meteors in our air, is 
manifeſt; becauſe they riſe and ſet in the ſame manner, 
as the fon and ſtars. The aſtronomers had gone ſo far in 
their inquiries concerning them, as to prove by their ob- 
ſervations, that they moved in the etherial ſpaces far beyond 
the moon; but they had no true notion at all of the path, 
which they deſcribed. The moſt prevailing opinion before 


Our 
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our author was, that they moved in ſtraight lines; but in 
what part of the heavens was not determined. Des CA R- 
TES * removed them far beyond the ſphere of Saturn, as 

finding the ſtraight motion attributed to them, inconſiſtent 
with the vortical fluid, by which he explains the motions 
of the planets, as we have above related *. But Sir IS aac 
NEwTON diſtinctly proves from aſtronomical obſervation, 
that the comets paſs through the region of the planets, and 
are moſtly inviſible at a leſs diſtance, than that of Jupiter ©. 


3. And from hence finding the comets to be evident- 
ly within the ſphere of the ſun's action, he concludes they 
muſt neceſſarily move about the fun, as the planets do . 
The planets move in ellipfis's ; but it is not neceſſary that 
every body, which is influenced by the fun, ſhould move 
in that particular kind of line. However our author proves, 
that the power of the ſun being reciprocally in the duplicate 
proportion of the diſtance, every body acted on by the ſun 
muſt either fall directly down, or move in ſome conic ſe- 
tion ;, of which lines I have above obſerved, that there are 
three ſpecies, the ellipſis, parabola, and hyperbola *®. If a 
body, which deſcends toward the fun as low as the orbit 
of any planet, move with a fwifter motion than the pla- 
net does, that body will deſcribe an orbit of a more oblong 
figure, than that of the planet, and have a longer axis at 
leaſt. The velocity of the body may be fo. great, that it 


2 In Princ. philoſ. part. 3. 5 47. 


478. 
E Chap. 1.8 11. PE Princ. philoſ. Lib. III. Prop. 40. 
*Nevvtan. Princ. philoſ. Lib. III. Lemm, 4 | 2 Book I. chap, 2. 583. 
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ſhall move in a parabola, and having once paſſed about 


the ſun, ſhall aſcend for ever without returning any more: 
but the ſun will be placed in the focus of this parabola, 
With a velocity ſtill. greater the body will move in an 
hyperbola. But it is moſt probable, that the comets move 
in elliptical orbits, though of a very oblong, or in the 
phraſe of aſtronomers, of a very. eccentric form, ſuch as 
is repreſented in fig. 107, where 8 is the ſun, C the co- 
met, and ABDE its orbit, wherein the diſtance of 8 
and D far exceeds that of 8 and A. Whence it is, that 
they ſometimes are found at a moderate diſtance from the 
ſun, and appear within the planetary regions; at other 
times they aſcend to vaſt diſtances, far beyond the very or- 


bit of Saturn, and fo become inviſible. That the comets 


do move in this manner is proved by our author, from com- 
putations built upon the obſervations, which aſtronomers had 
made on many comets. "Theſe computations were perform- 
ed by Sir Isaac NEW TON himſelf upon the comet, which 
appeared toward the latter end of the year I680, and at 
the beginning of the year following *; but the learned 
Dr. HAL Ly proſecuted the like computations more at large 
in this, and alſo in many other cometsb. Which computations 


are made upon propoſitions highly worthy of our author's un- 


parallel d genius, ſuch as could ſcarce have been diſcovered 


by any one not poſſeſſed of the utmoſt n of i invention; 


3 Princ. philoſ. Lib. III. prg. 499, Foo. . Þ Ibid. pag. oo, and 520, &c. 
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4- T nos computations depend upon this principle, 
that the eccentricity of the orbits of the comets is ſo 
great, that if they are really elliptical, yet they approach 
ſo near to parabolas in that part of them, where they 
come under our view, that they may be taken for ſuch 
without ſenſible error * : as in the preceding figure the 
parabola FAG differs in the lower part of it about A ve- 
ry little from the ellipſis DEAB. Upon which ground 
our great author teaches a method of finding by three ob- 
ſervations made upon any comet the parabola, which 
neareſt agrees with its orbit b. 


5. Now what confirms this whole theory beyond the 
leaſt room for doubt is, that the places of the comets com- 
puted in the orbits, which the method here mentioned 
aſſigns them, agree to the obſervations of aſtronomers with 
the ſame degree of exactneſs, as the computations of the 
primary planets places uſually do; and this in comets, 
whoſe motions are very extraordinary. 


6. Oux author afterwards ſhews how to make uſe of 
any ſmall deviation from the parabola, that ſhall be ob- 
ſerved, to determine whether the orbits of the comets are 
elliptical or not, and ſo to diſcover if the ſame comet re- 
turns at certain periods ©. And upon examining the co- 
met in 1680, by the rule laid down for this purpoſe, he 
finds its orbit to agree more exactly to an ellipſis than 


= Princ, Philoſ. Lib. III. prop. 40. | © Thid. pag 522: 
b Ibid, prop. 41, 
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to a parabola, though the ellipſis be ſo very eccentric, 
that the comet cannot perform its period through it in the 
ſpace of yoo years. Upon this Dr. HALLE obſerved, 
that mention is made in hiſtory of a comet, with the 
like eminent tail as this, having appeared three ſeveral 
times before; the firſt of which appearances was at the 
death of JuLius CESAR, and each appearance was at the 
diſtance of 575 years from the next preceding. He there- 
fore computed the motion of this comet in ſuch an ellip- 
tic orbit, as would require this number of years for the 
body to revolve through it; and theſe computations agree 
yet more perfectly with the obſervations made on this co- 
met, than any parabolical orbit will do. 


7. Taz comparing together different appearances of the 
ſame comet, is the only way to diſcover certainly the true 
form of the orbit: for it is impoſſible to determine with ex- 
actneſs the figure of an orbit ſo exceedingly eccentric, from 
fingle obſervations taken in one part of it; and there- 
fore Sir Isaac N EWTON propoſes to compare the orbits, 
upon the ſuppoſition that they are parabolical, of ſuch 
comets as appear at different times; for if the ſame or- 
bit be found to be deſcribed by a comet at different times, 
in all probability it will be the fame comet which de- 
ſcribes it. And here he remarks from Dr. HaLLzy, that 
the ſame orbit very nearly agrees to two appeararices of 
2 comet about the ſpace of 75 years diſtance ©; ſo that 


= Newt. Princ. philoſ. edit. 2. p. 464, 465- [ 3 pag. 519: 
pag. 524. - 
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if thoſe two appearances were really of the ſame comet, 
the tranſverſe axis of the orbit of the comet would be near 


18 times the axis of the earth's orbit; and the comet, 
when at its greateſt diſtance from the ſun, will be remov- 


ed not leſs than 35 times as far as the middle diſtance 
of the earth. 


8. AND this ſeems to be the ſhorteſt period of any of 
the comets. But it will be farther confirmed, if the ſame 
comet ſhould return a third time after another period of 
75 years. However it is not to be expected, that comets 
ſhould preſerve the ſame regularity in their periods, as 
the planets; becauſe the great eccentricity of their orbits 
makes them liable to ſuffer very conſiderable alterations 
from the action of the planets, and other comets, upon them. 

9. IT is therefore to prevent too great diſturbances 
in their motions from theſe cauſes, as our author obſerves, 
that while the planets revolve all of them nearly in the 
fame plane, the comets are diſpoſed in very different ones, 
and diſtributed over all parts of the heavens; that, 
when in their greateſt diſtance from the ſun, and moving 
ſloweſt, they might be removed as far as poſſible out of the 
reach of each other's action. The ſame end is likewiſe 
farther anſwered in thoſe comets, which by moving {loweſt 
in the aphelion, or remoteſt diſtance from the ſun, deſcend 
neareſt to it, by placing the aphelion of theſe at the 
greateſt height from the ſun b. 


2 Newrt. Princ. philoſ. p. 325. bd Ibid. 
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10. Ous philoſopher being led by his principles to ex- 
plain the motions of the comets, in the manner now re- 
lated, takes occaſion from thence to give us his thoughts 
upon their nature and uſe. For which end he proves in 
the firſt place, that they muſt neceſſarily be ſolid and com- 
pat bodies, and by no means any ſort of vapour or light 
ſubſtance exhaled from the planets or ſtars : becauſe at 


the near diſtance, to which ſome comets approach the ſun, 
it could not. be, but the immenſe heat, to which they are 
expoſed, ſhould inſtantaneouſly diſperſe and ſcatter any 
ſuch light volatile ſubſtance *. In particular the foremen- 
tioned comet of 1680 deſcended ſo near the ſun, as to 
come within a ſixth part of the ſun's diameter from the 
' ſurface of it. In which ſituation it muſt have been ex- 
poled, as appears by computation, to a degree of heat 
exceeding the heat of the fun upon our earth no leſs than 
28000 times; and therefore might have contracted a de- 
gree of heat 2000 times greater, than that of red hot 
iron d. Now a ſubſtance, which could endure fo intenſe 
a heat, without being diſperſed in vapor, muſt needs be 
firm and ſolid. 


II. IT is ſhewn likewiſe, that the comets are opake 
ſubſtances, ſhining by a reflected light, borrowed from 
the ſun ©. This is proved from the obſervation, that co- 
mets, though they are approaching the earth, yet di- 
miniſh in _—_ if at the fame time they recede from 


2 Ibid pag wy | d Ibid. c Ibid. pag. 484. 
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the ſun; and on the contrary, are found to encreaſe 
daily in brightneſs, when they advance towards the ſun, 
though at the fame time they move from the earth *. 


12. THz comets therefore in theſe reſpects reſemble the 
planets; that both are durable opake bodies, and both re- 
volve about the fun in conic ſections. But farther the 
comets, like our earth, are ſurrounded by an atmo- 
ſphere. The air we breath is called the earth's atmo- 
ſphere; and it is moſt probable, that all the other planets 
are inveſted with the like fluid. Indeed here a difference 
is found between the planets and comets. The atmoſpheres 
of the planets are of ſo fine and ſubtile a ſubſtance, as 
hardly to be diſcerned at any diſtance, by reaſon of the 
ſmall quantity of light which they reflect, except only in 
the planet Mars. In him there is ſome little appearance 
of ſuch a ſubſtance ſurrounding him, as ſtars which have 
been covered by him are faid to look ſomewhat dim a 
ſmall ſpace before his body comes under them, as if their 
light, when he is near, were obſtructed by his atmoſphere. 
But the atmoſpheres which ſurround the comets are fo 
| groſs and thick, as to reflect light very copiouſly. They 
are alſo much greater in proportion to the body they ſur- 
round, than thoſe of the planets, if we may judge of 
the reſt from our air; for it has been obſerved of comets, 


that the bright light appearing in the middle of them, which. 
® Ibid. pag. 482, 483. 
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is reflected from the ſolid body, is ſcarce a ninth or tenth 
part of the whole. comet. 
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13. I ſpeak only of the heads of the comets, the moſt 
lucid part of which is ſurrounded by a fainter light, the 
moſt lucid part being uſually not above a ninth or tenth 
part of the whole in breadth *. Their tails are an appear- 
ance very peculiar, nothing of the ſame nature appertain- 
ing in the leaſt degree to any other of the celeſtial bo- 
dies. Of that appearance there are ſeveral opinions ; our 
author reduces them to three ®. The two firſt, which he 
propoſes, are rejected by him ; but the third he approves. 
The firſt is, that they ariſe from a beam of light tranſ- 
' mitted through the head of the comet, in like manner as 
a ſtream of Toke is diſcerned, when the ſun ſhines into a 
darkened room through a ſmall hole. This opinion, as 
Sir Isaac NEwrToN obſerves, implies the authors of it 
wholly unskilled in the principles of optics; for that ſtream 
of light, ſeen in a darken'd room, ariſes from the refle- 
ion of the fun beams by the duſt and motes floating in 
the air: for the rays of light themſelves are not ſeen, but 
by their being reflected to the eye from ſome ſubſtance, 
upon which they fall * The next opinion examined by 
our author is that of the celebrated DRS CARTES, who 
imagins theſe tails to be the light of the comet refracted 
in its paſſage to us, and thence affording an oblong re- 
preſentation ; as the light of the fun does, when refracted 


2 Thid, pag. 481. » Ibib. pag. yo. © See the fore-cited place. 
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by the priſm in that noted experiment, which will have a 
great ſhare in the third book of this diſcourſe *, But this 
opinion is at once overturned from this conſideration on- 
ly, that the planets could be no more free from this re- 
fraction than the comets; nay ought to have larger or 
brighter tails, than they, becauſe the light of the planets is 
ſtrongeſt. However our author has thought proper to add 
ſome farther objections againſt this opinion: for inſtance, 
that theſe tails are not variegated with colours, as is the 
image produced by the priſm, and which is inſeparable 
from that unequal refraction, which produces that diſpro- 
portioned length of the image. And beſides, when the 
light in its paſſage from different comets to the earth de- 
ſcribes the fame path through the heavens, the refraction 
of it ſhould: of neceſſity be in all reſpects the ſame. But 
this is contrary to obſervation ; for the comet in 1680; 
the 28th day of December, and a former comet in the 
year 1777, the 29th day of December, appear d in the 
fame place of the heavens, that is, were ſeen adjacent to 
the ſame fixed ſtars, the earth likewiſe being in the fame 
place at both times; yet the tail of the latter comet de- 
viated from the oppoſition to the ſun a little to the north- 
ward, and the tail of the former comet declined from the 
oppoſition of the fun five times as much ſouthward b. 


14. THERE are ſome other falſe opinions, though lefs 
regarded than theſe, which have been advanced upon this 


2 Ibid. and Carte, Princ. Phil. part. 3. § 134, &c. b Vid. Phil. Nat. princ. Math. p. 11. 
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argument. Theſe our excellent author paſſes over, haſten- 
ing to explain, what he takes to be the true cauſe of this 
appearance. He thinks it is certainly owing to ſteams and 
vapours exhaled from the body, and groſs atmoſphere of 
the comets, by the heat of the ſun; becauſe all the a 

pearances agree perfectly to this ſentiment. The tails are 
but ſmall, while the comet is deſcending to the fun, but 
enlarge themſelves to an immenſe degree, as ſoon as ever 
the comet has paſſed its perihelion ; which ſhews the tail 
to depend upon the degree of heat, which the comet re- 
ceives from the fun. And that the intenſe heat to which 
comets, when neareſt the ſun, are expoſed, ſhould exhale 
from them a very copious vapour, is a moſt reaſonable ſup- 
poſition; eſpecially if we conſider, that in thoſe free and 
empty regions ſteams will more eaſily aſcend, than here 
upon the ſurface of the earth, where they are ſuppreſſed 
and hindered from riſing by the weight of the incumbent 
air: as we find by experiments made in veſſels exhauſted 
of the air, where upon removal of the air ſeveral ſub- 
ſtances will fume and diſcharge ſteams plentifully, which 
emit none in the open air. The tails of comets, like ſuch 
a vapour, are always in the plane of the comet's orbit, and 
oppolite to the fun, except that the uppet part thereof 
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inclines towards the parts, which the comet has left by its 
motion; reſembling perfectly the ſmoak of a burning coal, 
which, if the coal remain fixed, aſcends from it perpendi- 
cularly ; but, if the coal be in motion, aſcends obliquely, 
inclining from the motion of the coal. And beſides, the 
tails of comets may be compared to this ſmoak in another 

3 ; reſpect, 
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reſpect, that both of them are denſer and more compact 
on the convex fide, than on the concave. The different 
appearance of the head of the comet, after it has paſt its 
perihelion, from what it had before, confirms greatly this 
opinion of their tails: for ſmoke raiſed by a ſtrong heat is 
blacker and groſſer, than when raiſed by a leſs; and ac- 
cordingly the heads of comets, at the fame diſtance from 


the ſun, are obſerved leſs bright and ſhining after the peri- 
helion, than before, as if obſcured by ſuch a groſs ſmoke. 


«Ty. TAN obſervations of HEVELIUS upon the atmo- 
ſpheres of comets till farther illuſtrate the ſame; who re- 
lates, that the atmoſpheres, eſpecially that part of them next 
the ſun, are remarkably contracted when near the fun, and 
dilated again afterwards. 


16. To give a more full idea of theſe tails, a rule is 
laid down by our author, whereby to determine at any 
time, when the vapour in the extremity of the tail firſt 
roſe from the head of the comet. By this rule it is found, 
that the tail does not conſiſt of a fleeting vapour, diſſi- 
pated ſoon after it is raiſed, but is of long continuance ; 
that almoſt all the vapour, which roſe about the time of 
the perihelion from the comet of 1680, continued to ac- 
company it, aſcending by degrees, being ſucceeded con- 
ſtantly by freſh matter, which rendered the tail contigu- 
ous to the comet. From this computation the tails are 
found to participate of another property of aſcending va- 
pours, that when they aſcend with the greateſt velocity, 
they are leaſt incurvated. I 1 I7. THE 
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17. THz only objection that can be made againſt this 
opinion is the difficulty of explaining, how a ſufficient 
quantity of vapour can be raiſed from the atmoſphere of a 
comet to fill thoſe vaſt ſpaces, through which their tails. 
are ſometimes extended. This our author removes by the 
following computation : our air being an elaſtic fluid, as 
has been ſaid before, is more denſe here near the ſurface 
of the earth, where it is preſſed upon by the whole air 
above; than it is at a diſtance from the earth, where it has 
a leſs weight incumbent. I have obſerved, that the denſity 
of the air is reciprocally proportional to the compreſſing 
weight. From hence our author computes to what degree 
of rarity the air muſt be expanded, according to this rule, at 

an height equal to a ſemidiameter of the earth: and he finds, 
that a globe of ſuch air, as we breath here on the ſurface of 
the earth, which ſhall be one inch only in diameter, if it were 
expanded to the degree of rarity, which the air muſt have 
at the height now mentioned, would fill all the planetary 
regions even to the very ſphere of Saturn, and far beyond. 
Now ſince the air at a greater height will be ſtill im- 
menſly more rarified, and the ſurface of the atmoſpheres 
of comets is uſually about ten times the diſtance. from the 
center of the comet, as the ſurface of the comet it ſelf, and 
the tails are yet vaſtly farther removed from the center of 
the comet; the vapour, which compoſes thoſe tails, may ve- 
ry well: be allowed to be ſo expanded, as that a moderate 
quantity of matter may fill all that ſpace, they are ſeen to 
__ up. Though indeed the atmoſpheres of comets being 


2 Book I, Ch, 4. Fit 
ver 
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very groſs, they will hardly be rarified in their tails to ſo great 
a degree, as our air under the ſame circumſtances; eſpecially 
ſince they may be ſomething condenſed, as well by their gra- 
vitation to the ſun, as that the parts will gravitate to one ano- 
ther; which will hereafter be ſhewn to be the univerſal pro- 
perty of all matter. The only ſcruple left is, how ſo much 
light can be reflected from a vapour ſo rare, as this computa- 
tion implies. For the removal of which our author obſerves, 
that the moſt refulgent of theſe tails hardly appear brighter, 
than a beam of the ſun's light tranſmitted into a darkened 
room through a hole of a ſingle inch diameter; and that 
the ſmalleſt fixed ſtars are viſible through them without any 
ſenſible diminution of their luſtre. 


18. ALL theſe conſiderations put it beyond doubt, what 
is the true nature of the tails of cemets. There has in- 
_ deed nothing been ſaid, which will account for the irregular 
figures, in which thoſe tails are ſometimes reported to have 
appeared; but ſince none of thoſe appearances have ever been 
recorded by aſtronomers, who on the contrary aſcribe the 
ſame likeneſs to the tails of all comets, our author with great 
judgment refers all thoſe to accidental refractions by interven- 
ing clouds, or to parts of the milky way contiguous to the 
comets ®, | 


19. Tux diſcuſſion of this appearance in comets has 
led Sir IS AAC NEwTON into ſome ſpeculations relating 
to their uſe, which I cannot but extreamly admire, as 

Cb. 4. » All theſeargumentsare laid down in Philoſ. Nat. Princ. Lib. III. from p. gog, to 517- 
Ii 2 repreſenting 
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repreſenting in the ſtrongeſt light imaginable the exten- 


five providence of the great author of nature, who, 
beſides the furniſhing this globe of earth, and without 
doubt the reſt: of the planets, fo abundantly with eve 
ry thing neceſſary for the ſupport and continuance of the 

numerous races of plants and animals, they are ſtocked 
with, has over and above provided a numerous train of 
comets, far exceeding the number of the planets, to re- 
aify continually, and reſtore their gradual decay, which 
is our author's opinion concerning them. For ſince the 
comets are ſubject to fuch unequal degrees of heat, being 
ſometimes burnt with the moſt intenſe degree of it, at 
other times ſcarce receiving any ſenſible influence from the 
ſun; it can hardly be ſuppoſed, they are deſigned for any 
Hick conſtant uſe, as the planets. Now the tails, which they 
emit, like all other kinds of vapour, dilate themſelves as 
they aſcend, and by conſequence are gradually diſperſed and 
ſcattered through all the planetary regions, and thence can- 
not but be gathered up by the planets, as they paſs through 
their orbs: for the planets having a power to cauſe all bodies 
to gravitate towards them, as will in the ſequel of this 
diſcourſe be ſhewn *; theſe vapours will be drawn in proceſs 
of time into this or the other planet, which happens to 
act ſtrongeſt upon them. And by entering the atmoſpheres: 

of. the earth and other planets, they may well be ſuppoſed to- 

contribute to the renovation of the face of things, in par- 

ticular to ſupply the diminution cauſed in the humid parts 


=Philoſ, Nat-Princ, Lib. III. p. 214. ch.. 


by 
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by vegetation and putrefaction. For vegetables are nouriſh- 
ed by moiſture, and by putrefaction are turned in great 
part into dry earth; and an earthy ſubſtance always ſub- 
ſides in fermenting liquors; by which means the dry parts 
of the planets muſt continually increaſe, and the fluids di- 
miniſh, nay in a ſufficient length of time be exhauſted, 
if not ſupplied by ſome fuch means. It is farther our great 
author's opinion, that the moſt ſubtile and active parts of 
our air, upon which the life of things chiefly depends, is 
derived to us, and fupplied by the comets. So far are 
they from portending any hurt or miſchief to us, which 
the natural fears of men are ſo apt to ſuggeſt from the ap- 
pearance of any thing uncommon and aſtoniſhing, 


20. THaT the tails of comets have ſome ſuch impor- 
tant uſe ſeems reaſonable, if we conſider, that thoſe bodies 
do not ſend out thoſe fumes merely by their near approach 

to the ſun; but are framed of a texture, which diſpoſes 
them in a particular manner to fume in that ſort: for the 
earth, without emitting any ſuch ſteam, is more than half 
the year at a leſs diſtance from the ſun, than the comet 
of 1664 and 1665 approached it, when neareſt; likewiſe 
the comets of 1682 and 1683 never approached the ſun 
much above a ſeventh part nearer than Venus, and were 
more than half as far again from the ſun as Mercury ; yet. 


all theſe emitted tails.. 


21. From the very near approach of the comet of 
1680 our. au thor. draws. another ſpeculation ; for. if the 
ſun; 
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ſun have an atmoſphere about it, the comet mentioned 
ſeems to have deſcended near enough to the ſun to enter 
within it. If ſo, it muſt have been ſomething retarded by 
the reſiſtance it would meet with, and conſequently in its 
next deſcent to the ſun will fall nearer than now; by 
which means it will meet with a greater reſiſtance, and 
be again more retarded. The event of which muſt be, that 
at length it will impinge upon the ſun's ſurface, and thereby 
ſupply any decreaſe, which may have happened by ſo long 
an emiſſion of light, or otherwiſe. And ſomething like this 
our author conjectures may be the caſe of thoſe fixed ſtars, 
which by an additional increaſe of their luſtre have for a 
certain time become viſible to us, though uſually they are 
out of fight. There is indeed a kind of fixed ſtars, which 
appear and diſappear at regular and equal intervals: here 
ſome more ſteady cauſe muſt be ſought for ; perhaps theſe 
ſtars turn round their own axis's, as our ſun does *, and have 
ſome part of their body more luminous than the other, 
whereby they are ſeen, when the moſt lucid part is next to 
us, and when the darker part is turned toward us, they 
vaniſh out of fight. 


22. WazTHzER the ſun does really diminiſh, as has been 
here ſuggeſted, is difficult to prove; yet that it either does 
fo, or that the earth increaſes, if not both, is rendered pro- 
bable from Dr. HALLE Vs obſervation ®, that by comparing 
See Ch. 1. 6 11. have appeared within the laſt 150 years may be 


» Newt. Princ. Philoſ, pag: F25, $26. Antes ſeen in the Philoſophical tranſactions, vol. 29. 
ccuat of all the ſtars of both theſe kinds, which | numb. 346. _ 
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the proportion, which the periodical time of the moon bore 
to that of the ſun in former times, with the proportion be- 
tween them at preſent, the moon is found to be ſomething 
accelerated in reſpect of the ſun. But if the ſun diminiſh, 
the periods of the primary planets will be lengthened ; and- 
if the earth be encreaſed, the period of the moon will be 
ſhortened : as will appear by the next chapter, wherein- 
it ſhall be ſhewn, that the power of the fun and earth is 
the reſult of the ſame power being lodg'd in all their parts, 
and that this principle of producing gravitation in other bo- 
dies is proportional to the ſolid matter in each body. 


CH AP. V. 


Of the BODIES of che S UN and 
PLANETS. 


UR author, after having diſcovered that the celeſtial: 
" motions are performed by a force extended from the 
ſun and primary planets, follows this power into the deep- 
eſt receſſes of thoſe bodies themſelves, and proves the ſame 


to accompany the ſmalleſt particle, of which they are com- 
poſed. 


2. PREPARATIVE hereto he (hews firſt, that each of the 
heavenly bodies attracts the reſt, and all bodies, with ſuch 
different degrees of force, as that the force of the ſame at- 

tracting 
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tracting body is exerted on others exactly in proportion to 
the quantity of matter in the body attracted *. 


3. Or this the firſt proof he brings is from experiments 
made here upon the earth. The power by which the moon 
is influenced was above ſhewn to be the ſame, with that 
power here on the ſurface of the earth, which we call gra. 
vity b. Now one of the effects of the principle of gravity 
is, that all bodies deſcend by this force from the ſame height 
in equal times. Which has been long taken notice of 
particular methods having been invented to ſhew that the 
only cauſe, why ſome bodies were obſerved to fall from the 
| fame height ſooner than others, was the reſiſtance of the 
air. This we have above related ©; and proved from hence, 
that ſince bodies reſiſt to any change of their ſtate from reſt 
to motion, or from motion to reſt, in proportion to the 
quantity of matter contained in them; the power that can 
move different quantities of matter equally, muſt be pro- 
portional to the quantity. The only objection here is, that 
it can hardly be made certain, whether this proportion in 
the effect of gravity on different bodies holds perfectly ex- 
act or not from theſe experiments; by reaſon that the 
great ſwiſtneſs, with which bodies fall, prevents our being 
able to determine the times of their deſcent with all the 
exactneſs requiſite. Therefore to remedy this inconyeni- 
ence, our author ſubſtitutes another more certain experi- 


ment in the room of theſe made upon falling bodies. Pen- 
2 Newt. Princ. Philoſ Nat. Lib, III, prop. 6. Þ* Ch. 3. § 6. c Book I. Ch. 2. F 24. 


= dulums 
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dulums are cauſed to vibrate by the ſame principle, as makes 
bodies deſcend; the power of gravity putting them in mo- 
tion, as well as the other. But if the ball of any pendu- 
lum, of the ſame length with another, were more or leſs 
attracted in proportion to the quantity of ſolid matter in 
the ball, that pendulum muſt accordingly move faſter or 
{lower than the other. Now the vibrations of pendulums 
continue for a great length of time, and the number of 
vibrations they make may eafily be determined with- 
out ſuſpicion of error; ſo that this experiment may be 
extended to what exactneſs one pleaſes : and our au- 
thor aſſures us, that he examined in this way ſeveral 
ſubſtances, as gold, ſilver, lead, glaſs, ſand, common ſalt, 
wood, water, and wheat; in all which he found not the 
leaſt deviation from the proportion mentioned, though he 
made the experiment in ſuch a manner, that in bodies of 
the ſame weight a difference in the quantity of their mat- 
ter leſs than a thouſandth part of the whole would have 
diſcovered it ſelf . It appears therefore, that all bodies are 
made to deſcend by the power of gravity here, near the ſur- 
face of the earth, with the ſame degree of ſwiftneſs. We 
have above obſerved this deſcent to be after the rate of 16 4 
feet in the farſt ſecond of time from the beginning of their 
fall. Moreover it was alſo obſerved, that if any body, which 
fell here at the ſurface of the earth after this rate, were 
to be conveyed up to the height of the moon, it would 


z Newt, Princ, Lib, III. prop. 6. 


K k deſcend 
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deſcend from thence juſt with the ſame degree of velcci- 
ty, as that with which the moon 1s attracted toward the 
carth; and therefore the power of the earth upon the moon 
bears the ſame proportion to the power it would have upon 
thoſe bodies at the ſame diſtance, as the quantity 'of mat- 
ter in the moon bears to the quantity in thoſe bodies. 


4. THrvs the aſſertion laid down is proved in the earth, 
that the power of the earth on every body it attracts is, at 
the ſame diſtance from the earth, proportional to the quan- 
tity of folid matter in the body ated on. As to the ſun, it 
has been ſhewn, that the power of the ſun's action upon 
the ſame primary planet is reciprocally in the duplicate pro- 
portion of the diſtance ; and that the power of the ſun 
decreaſes throughout in the fame proportion, the motion of 
comets traverſing the whole planetary region teſtifies. This 
proves, that if any planet were removed from the ſun to 
any other diſtance whatever, the degree of its acceleration 
toward the fun would yet remain reciprocally in the du- 
plicate proportion of its diſtance. But it has likewiſe been 
ſhewn, that the degree of acceleration, which the ſun gives 
to evefy one of the planets, is reciprocally in the duplicate 
proportion of their reſpective diſtances. All which com- 
pared together puts it out of doubt, that the power of 
the fun upon any planet, removed into the place of any 
other, would give it the ſame velocity of deſcent, as it 
gives that other; and conſequently, that the ſun's action 
upon different planets at the fame diſtance would be pro- 
portional to the quantity of matter in each. It has farther 


been 
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been ſhewn, that the ſun attracts the primary planets, and 
their reſpective ſecondary, when at the ſame diſtance, fo 
as to communicate to both the fame degree of velocity; 
and therefore the force, wherewith the ſun acts on the ſe- 
condary planet, bears the ſame proportion to the force, 
wherewith at the ſame diſtance it attracts the primary, as 
the quantity of ſolid matter in the ſecondary planet bears to 
the quantity of matter in the primary. 


5. Tr1s property therefore is proved of both kinds of 
planets, in reſpect of the ſun. Therefore the ſun poſſeſſes the 
quality found in the earth, of acting on bodies with a de- 


gree of force proportional to the quantity of matter in the 
body, which receives the influence. 


6. THAT the power of attraction, with which the other 
planets are endued, ſhould differ from that of the earth, can 
hardly be ſuppoſed, if we conſider the ſimilitude between 
thoſe bodies; and that it does not in this reſpec, is farther 
proved from the ſatellites of Saturn and Jupiter, which are at- 
tracted by their reſpective primary according to the ſame law, 


_ . that js, in the ſame proportion to their diſtances, as the prima- 


ry are attracted by the fun: ſo that what has been concluded 
of the ſun in relation to the primary planets, may be juſtly 
concluded of theſe primary in reſpect of their ſecondary, and 
in conſequence of that, in regard likewiſe to all other bodies, 
viz. that they will attract every body in proportion to the 
quantity of ſolid matter it contains. 


2 Kk 2 7. HENCE 
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7. HEN CE it follows, that this attraction extends itſelf 
U every particle of matter in the attracted body : and that 
o portion of matter whatever is exempted from the influ- 
ence of thoſe bodies, to which we have proved thi is attra- 
ive power to belong. 


8. BEYORRE we proceed farther, we may here remark, 
that this attractive power both of the ſun and planets now 
appears to be quite of the ſame nature in all; for it acts in 
each in the ſame proportion to the diſtance, 11 in the ſame 
manner acts alike upon every particle of matter. This 
power therefore in the ſun and other planets is not of a dif- 
erent nature from this power in the earth; which has been al- 
ready ſhewn to be the ſame with that, which we call gravity *: 


9. AND this lays open the way to prove, that the at- 
tracting power lodged in the ſun and planets, belongs like- 
wiſe to every part of them: and that their reſpective powers 
upon the ſame body are proportional to the quantity of mat- 
ter, of which they are compoſed; for inſtance, that the force 
with which the earth attracts the moon, is to the force, with 
which the fun would attract it at the ſame diſtance, as the 


quantity of ſolid matter contained in the earth, to the quan- 
tity contained in the fun ®. 


10. Taz firſt of theſe aſſertions is a very evident conſe- 
quence from the latter. And before we proceed to the proof, 


2 Ch. 3. 86. » Newt. Princ. philoſ. Lib. III. prop. 7. cor. 1. 
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it muſt firſt be ſhewn, that the third law of motion, which 
makes action and reaction equal, holds in theſe attractive 
powers. The moſt remarkable attractive force, next to the 
power of gravity, is that, by which the loadſtone attracts iron. 
Now if a loadſtone were laid upon water, and ſupported by 
ſome proper ſubſtance, as wood or cork, ſo that it might 
ſwim; and if a piece of iron were cauſed to ſwim upon the 
water in like manner: as ſoon as the loadſtone begins to 
attract the iron, the iron ſhall move toward the ſtone, and 
the ſtone ſhall alſo move toward the iron; when they meet, 

they ſhall ſtop each other, and remain fixed together with-- 

out any motion. This ſhews, that the velocities, where- 

with they meet, are reciprocally proportional to the quan- 
tities of ſolid matter in each; and that by the ſtone's at- 
tracting the iron, the ſtone itſelf receives as much motion, 
in the ſtrict philoſophic ſenſe of that word, as it commu- 
nicates to the iron: for it has been declared above to be an 
effect of the percuſſion of two bodies, that if they meet 
with velocities reciprocally proportional to the reſpective 
bodies, they ſhall be ſtopped by the concourſe, unleſs their 
elaſticity put them into freſh motion; but if they meet 
with any other velocities, they ſhall retain ſome motion 
after meeting *. Amber, glaſs, ſealing- wax, and many other 
ſubſtances acquire by rubbing a power, which from its 
having been remarkable, particularly in amber, is called 
electrical. By this power they will for ſome time after 


2 See Book I. Ch. 1. $ 25, » Ibid. $ 5,6, 


rubbing 


254 Sir Is AAc NEWTONS Bookll. 


rubbing attract light bodies, that ſhall be brought within 
the ſphere of their activity. On the other hand Mr. BOYLE 
found, that if a piece of amber be hung in a perpendicular 
poſition by a ſtring, it ſhall be drawn itſelf toward the bo- 
dy whereon it was rubbed, if that body be brought near 
it. Both in the loadſtone and in electrical bodies we uſu- 
ally aſcribe the power to the particular body, whoſe pre- 
ſence we find neceſſary for producing the effect. The load- 
ſtone and any piece of iron will draw each other, but in 
two pieces of iron no ſuch effect is ordinarily obſerved ; there- 
fore we call this attractive power the power of the load- 
ſtone: though near a loadſtone two pieces of iron will al- 
ſo draw each other. In like manner the rubbing of am- 
ber, glaſs, or any ſuch body, till it is grown warm, being 
neceſſary to cauſe any action between thoſe bodies and other 
ſubſtances, we aſcribe the electrical power to thoſe bodies. 
But in all theſe caſes if we would ſpeak more correctly, 
and not extend the ſenſe of our expreſſions beyond what 
we ſee; we can only ſay that the neighbourhood of a load- 
ſtone and a piece of iron is attended with a power, where- 
by the loadſtone and the iron are drawn toward each other; 
and the rubbing of electrical bodies gives riſe to a power, 
whereby thoſe bodies and other ſubſtances are mutually at- 
tracted. Thus we muſt alſo underſtand in the power of 
gravity, that the two bodies are mutually made to approach 
by the action af that power. When the ſun draws any 
planet, that planet alſo draws the ſun; and the motion, 
which the planet receives from the ſun, bears the ſame pro- 
portion to the motion, which the fan it ſelf receives, as 

the 
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the quantity of ſolid matter in the ſun bears to the quan- 
tity of ſolid matter in the planet. Hitherto, for brevity 
fake in ſpeaking of theſe forces, we have generally aſcribed 
them to the body, which is leaſt moved; as when we 
called the power, which exerts itſelf between the ſun and 
any planet, the attractive power of the fun; but to ſpeak 
more correctly, we ſhould rather call this power in any 
caſe the force, which acts between the ſun and earth, be- 
tween the ſun and Jupiter, between the earth and moon, 
&c. for both the bodies are moved by the power acting be- 
tween them, in the ſame manner, as when two bodies are 
tied together by a rope, if that rope ſhrink by being wet, 
or otherwiſe, and thereby cauſe the bodies to approach, by 
drawing both, it will communicate to both the ſame de- 
gree of motion, and cauſe them to approach with veloci- 
ties reciprocally proportional to the reſpective bodies. From 
this mutual action between the ſun and planet it follows, 
as has been obſerved above *, that the ſun and planet 
do each move about their common center of gravity. 
Let A (in fig. 108.) repreſent the fun, B a planet, C their 
common center of gravity. If theſe bodies were once at 
reſt, by their mutual attraction they would directly ap- 
proach each other with ſuch velocities, that their common 
center of gravity would remain at reſt, and the two bodies 
would at length meet in that point. If the planet B were 
to receive an impulſe, as in the direction of the line DE; 
this would prevent the two bodies from falling together; 
2 Chap: 2. 5 8.- 


but 
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but their common center of gravity would be put into mo- 
tion in the direction of the line CF equidiſtant from BE. 
In this caſe Sir Is AAC NRW TON proves“, that the fun and 
planet would deſcribe round their common center of gra- 
vity ſimilar orbits, while that center would proceed with an 
uniform motion in the line CF ; and fo the ſyſtem of the 
two bodies would move on with the center of gravity with- 
out end. In order to keep the ſyſtem in the ſame place, 
it is neceſſary, that when the planet received its impulſe in 
the direction BE, the ſun ſhould alſo receive ſuch an im- 
pulſe the contrary way, as might keep the center of gra- 
vity C without motion; for if theſe began once to move 
without giving any motion to their common center of gra- 
vity, that center would always remain fixed. 


IT. By this may be underſtood in what manner the a- 
ction between the fun and planets is mutual. But farther, 
we have ſhewn above ®, that the power, which acts between 
the ſun and primary planets, is altogether of the ſame na- 
ture with that, which acts between the earth and the bo- 
dies at its ſurface, or between the earth and its parts, and 
with that which acts between the primary planets and their 
ſecondary; therefore all theſe actions muſt be aſcribed to 
the ſame cauſe . Again, it has been already proved, that 
in different planets the force of the ſun's action upon each at 
the ſame diſtance would be proportional to the quantity of ſo- 


lid matter in the planet *; therefore the reaction of each planet 


« Newt.Princ, Lib. I. prop. 63. 8658. © See Introd. 5 23. 18 435. 
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on the ſun at the ſame diſtance, or the motion, which the ſun 
would receive from each planet, would alſo be proportional 
to the quantity of matter in the planet; that is, theſe pla- 
nets at the ſame diſtance would act on the ſame body with 
degrees of ſtrength proportional to the quantity of ſolid mat- 


tcr in each. 


12. IN the next place, from what has been now prov- 
ed, our great author has deduced this farther conſequence, 
no leſs ſurprizing than elegant; that each of the particles, 
out of which the bodies of the ſun and planets are framed, 
exert their power of gravitation by the ſame law, and in 
the ſame proportion to the diſtance, as the great bodies 
which they compoſe, For this purpoſe he firſt demon- 
ſtrates, that if a globe were compounded of particles, which 
will attract the particles of any other body reciprocally 
in the duplicate proportion of their diſtances, the whole 
globe will attract the ſame in the reciprocal duplicate pro- 
portion of their diſtances from the center of the globe; 
provided the globe be of uniform denſity throughout. And 
from this our author deduces the reverſe, that if a globe acts 
upon diſtant bodies by the law juſt now ſpecified, and the 
power of the globe is derived from its being compoſed of at- 
tractive particles; each of thoſe particles will attract after the 
ſame proportion *. The manner of deducing this is not ſet 
down at large by our author, but is as follows. The globe is 


* Newt. Princ. philoſ. Lib. I. prop. 74 bd bid. coroll. 3. 


1 ſuppoſed 
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ſuppoſed to act upon the particles of a body without it con- 
ſtantly in the reciprocal duplicate proportion of their diſtan- 
ces from its center; and therefore at the ſame diſtance from 
the globe, on which fide ſoever the body be placed, the 
globe will act equally upon it. Now becauſe, if the parti- 
cles, of which the globe is compoſed, acted upon thoſe with- 
out in the reciprocal duplicate proportion of their diſtances, 
the whole globe would a& upon them in the ſame manner as 
it does ; therefore, if the particles of the globe have not all 
of them that property, ſome muſt act ſtronger than in that 
proportion, while others act weaker: and if this be the con- 
dition of the globe, it is plain, that when the body attracted 
is in ſuch a fituation in reſpect of the globe, that the greater 
number of the ſtrongeſt particles are neareſt to it, the body 
will be more forcibly attracted; than when by turning the 
globe about, the greater quantity of weak particles ſhould 
be neareſt, though the diſtance of the body ſhould remain. 
the ſame from the center of the globe. Which is contrary 
to what was at firſt remarked, that the globe on all ſides of 
it acts with the ſame ſtrength at the ſame diſtance. Whence it 
appears, that no other conſtitution of the globe can agree to it. 


12. FROM theſe propoſitions it is farther collected, that 
if all the particles of one globe attract all the particles of an- 


other in the proportion ſo often mentioned, the attracting 
globe will act upon the other in the ſame proportion to the 


diſtance between the center of the globe which attracts, and 
the center of that which is attracted *: and er, that this 


Lib. E Prop. 75. and Lib. III. prop. 8. 


Propor tion 
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proportion holds true, though either or both the globes be 
compoſed of diſſimilar parts, ſome rarer and ſome more 
denſe; provided only, that all the parts in the ſame globe 
equally diſtant from the center be homogeneous *. And 
alſo, if both the globes attract each other ®. All which place 
it beyond contradiction, that this proportion obtains with as 
much exactneſs near and contiguous to the ſurface of attra- 


Qing globes, as at greater diſtances from them. 


14. Txvs our author, without the pompous pretence of 
explaining the cauſe of gravity, has made one very important 
ſtep toward it, by ſhewing that this power in the great bodies 
of the univerſe, is derived from the ſame power being lodg- 
ed in every particle of the matter which compoſes them: and 
conſequently, that this property is no leſs than univerſal to 
all matter whatever, though the power be too minute to pro- 
duce any viſible effects on the ſmall bodies, wherewith we 
converſe, by their action on each other.. In the fixed ſtars 
indeed we have no particular proof that they have this pow- 
er; for we find no apperance to demonſtrate that they ei- 
ther act, or are ated upon by it. But ſince this power 
is found to belong to all bodies, whereon we can make 
obſervation ; and we ſee that it is not to be altered by any 
change in the form of bodies, but always accompanies them 
in every ſhape without diminution, remaining ever pro- 
portional to the quantity of ſolid matter in each; ſuch a 
power muſt without doubt belong univerſally to all matter. 


2 Lib. I. Prop.76. b Ibid. cor. y. © Vid Lib. III. Prop. 7. coroll. 1. 
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Is. Tris therefore is the univerſal law of matter; which 
recommends it ſelf no leſs for its great plainneſs and fim- 
plieity, than for the ſurprizing diſcoveries it leads us to. By 
this principle we learn the different weight, which the fame 
body will have upon the ſurfaces of the fun and of di- 
verſe planets; and by the ſame we can judge of the compo- 
ſition of thoſe celeſtial bodies, and know the denſity of 
each ; which is formed of the moſt compact, and which of 
the moſt rare ſubſtance. Let the adverſaries of this philoſo- 
phy reflect here, whether loading this principle with the 
appellation of an occult quality, or perpetual miracle, or 
any other reproachful name, be ſufficient to diſſuade us from 
cultivating it; ſince this quality, which they call occult, leads 
to the knowledge of ſuch things, that it would have been re- 
puted no leſs than madneſs for any one, before they had been 
diſcovered, even to have conjectured that our faculties ſhould 
ever have reached ſo far. 


16. SEE how all this naturally follows from the forego- 
ing principles in thoſe planets, which have fatellites moy- 
ing about them. By the times, in which theſe fatellites 
perform their - revolutions, compared with their diſtances 
from their reſpective primary, the proportion between the 
power, with which one primary attracts his ſatellites, and 
the force with which any other attracts his will be known; 
and the proportion of the power with which any planet 
attracts its ſecondary, to the power with which it attracts a 
body at its furface is found, by comparing the diſtance of 
the ſecondary planet from the center of the primary, to 


the: 
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the diſtance of the primary planet's ſurface from the ſame : 
and from hence is deduced the proportion between the power 
of gravity upon the ſurface of one planet, to the gravity upon 
the ſurface of another. By the like method of comparing 
the periodical time of a primary planet about the ſun, with 
the revolution of a ſatellite about its primary, may be found 
the proportion of gravity, or of the weight of any body up- 
on the ſurface of the ſun, to the gravity, or to the weight of 


the ſame body upon the ſurface of the planet, which carries 
about the ſatellite. 


L7. By theſe kinds of computation it is found, that the 
weight of the ſame body upon the ſurface of the ſun will 
be about 23 times as great, as here upon the ſurface of the 
earth ; about 10, times as great, as upon the ſurface of Jupi- 
ter; and near 19 times as great, as upon the ſurface of Saturn *, 


18. Tur quantity of matter, which compoſes each of 
theſe bodies, is proportional to the power it has upon a 
body at a given diſtance. By this means it is found, that the 
ſun contains 1067 times as much matter as Jupiter; Jupi- 
ter 1585 times as much as the earth, and 23 times as much 
as Saturn“. The diameter of the fun is about 92 times, 
that of Jupiter about 9 times, and that of Saturn about 
times the diameter of the earth. 


*- Newt. Princ.. Lib. III. prop. 8. coroll. 1. bid. coroll. 2. 
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19. By making a compariſon between the quantity of 
matter in theſe bodies and their magnitudes, to be found 
from their diameters, their reſpective denſities are readily 
deduced; the denſity of every body being meaſured by the 
quantity of matter contained under the fame bulk, as has 
been above remarked . Thus the earth is found 4 times 
more denſe than Jupiter; Saturn has between; and + of the 
denſity of Jupiter; but the ſun has one fourth part only of 
the denſity of the earth *. From which this obſervation is drawn 
by our author; that the ſun is rarified by its great heat, and that 
of the three planets named, the more denſe is nearer the ſun 
than the more rare; as was highly reaſonable to expect, the 
denſeſt bodies requiring the greateſt heat to agitate and put 
their parts in motion ; as on the contrary, the planets which 
are more rare, would be rendered unfit for their office, by 
the intenſe heat to which the denſer are expoſed. Thus the 
waters of our ſeas, if removed to the diſtance of Saturn from 
the ſun, would remain perpetually frozen; and if as near 
the fun as Mercury, would conſtantly boil ©, 


20. TH denſities of the three planets Mercury, Venus, 
and Mars, which have no ſatellites, cannot be expreſly aſſign- 
ed; but from what is found in the others, it is very proba- 
ble, that they alſo are of ſuch different degrees of denſity, 
that univerſally the planet which is neareſt to the ſun, is 
formed of the moſt compact ſubſtance, | 


 Book1.Ch.4.5 2. o Newt, Pr inc. Lib. III. prop. g. coroll. 3. © Ibid, coroll. 4. 
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GHAPT, VE 


Of the FLUID PARTS of the 
FLANE TS 


HIS globe, that we inhabit, is compoſed of two parts 

the ſolid earth, which affords us a foundation to dwell 
upon; and the ſeas and other waters, that furniſh rains and 
vapours neceflary to render the carth fruitful, and productive 
of what is requiſite for the ſupport of life. And that the 
moon, though but a ſecondary planet, is compoſed in like 
manner, is generally thought, from the different degrees of 
light which appear on its ſurface; the parts of that planet, 
which reflect a dim light, being ſuppoſed to be fluid, and to 
imbibe the ſun's rays, while the ſolid parts reflect them more 
copiouſly. Some indeed do not allow this to be a concluſive 
argument: but whether we can diſtinguiſn the fluid part of 
the moon's ſurface from the reſt or not; yet it is moſt proba- 
ble that there are two ſuch different parts, and with ſtill great- 
er reaſon we may aſcribe the like to the other primary planets, 
which yet more nearly reſemble our earth. The earth is alſo 
encompaſſed by another fluid the air, and we have before re- 
marked, that probably the reſt of the planets are ſurrounded 
by the like. Theſe fluid parts in particular engage our au- 
thor's attention, both by reaſon of ſome remarkable appear- 
ances peculiar to them, and likewiſe of ſome effects they 
have upon the whole bodies to which they belong. 


4. 2. FLUiDs 
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2. Fluips have been already treated of in general, with 
reſpect to the effect they have upon ſolid bodies moving in 
them *; now we muſt conſider them in reference to the ope- 
ration o the power of gravity upon them. By this power 
they are rendered weighty, like all other bodies, in proportion 
to the quantity of matter, which is contained in them. And 
in any quantity of a fluid the upper parts preſs upon the lower 
as much, as any ſolid body would preſs on another, whereon 
it ſhould lie. But there is an effect of the preſſure of fluids on 
the bottom of the veſſel, wherein they are contained, which I 
ſhall particularly explain. The force ſupported by the bot- 
tom of ſuch a veſſel is not fimply the weight of the quantity 
of the fluid in the veſſel, but is equal to the weight of that 
quantity of the fluid, which would be contained in a veſſel of 
the ſame bottom and of equal width throughout, when this 
veſſel is filled up to the ſame height, as that to which the veſ- 
ſel propoſed is filled. Suppoſe water were contained in the 
veſſel AB CD (in fig. 109.) filled up to E F. Here it is evident, 
that if a part of the bottom, as GH, which is directly under 
any part of the ſpace EF, be conſidered ſeparately; it will ap- 
pear at once, that this part ſuſtains the weight of as much of 
the fluid, as ſtands perpendicularly over it up to the height of 
EF; that is, the two perpendiculars GI and H K being drawn, 
the part GH of the bottom will ſuſtain the whole weight of 
the fluid included between theſe two perpendiculars. Again, 
I fay, every other part of the bottom equally broad with this, 
will ſuſtain as great a preſſure. Let the part LM be of the 
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ſame breadth with GH. Here the perpendiculars LO and 
MN being drawn, the quantity of water contained between 
theſe perpendiculars is not ſo great, as that contained between 
the perpendiculars GI and H K; yet, I fay, the preſſure on LM 
will be equal to that on GH. This will appear by the fol- 
lowing conſiderations. It is evident, that if the part of the 
veſſel between O and N were removed, the water would im- 
mediately flow out, and the ſurface EF would ſubſide; for 
all parts of the water being equally heavy, it muſt ſoon form 
itſelf to a level furface, if the form of the veſſel, which con- 
tains it, does not prevent. Therefore ſince the water is pre- 
vented from riſing by the fide NO of the veſſel, it is mani- 
feſt, that it muſt preſs againſt NO with ſome degree of force. 
In other words, the water between the perpendiculars LOand 
MN endeavours to extend itſelf with a certain degree of force; 
or more correctly, the ambient water preſſes upon this, and 
endeavours to force this pillar or column of water into a grea- 
ter length. But ſince this column of water is ſuſtained be- 
tween NO and LM, each of theſe parts of the veſſel will be 
equally preſſed againſt by the power, wherewith this column 
endeavours to extend. Conſequently LM bears this force 
over and above the weight of the column of water between 
LO and MN. To know what this expanſive force is, let the 
part ON of the veſſel be removed, and the perpendiculars LO 
and MN be prolonged ; then by means of ſome pipe fixed 
over N O let water be filled between theſe perpendiculars up to 
pan equal height with E F. Here the water between the per- 
pendiculars LP and M is of an equal height with the high- 
eſt part of the water in the veſſel; therefore the water in the 

Mm veſſel 
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veſſel cannot by its preſſure force it up higher, nor can the 
water in this column ſubſide; becauſe, if it ſhould, it would 
raiſe the water in the veſſel to a greater height than itſelf. 
But it follows from hence, that the weight of water contained 
between PO and QN is a juſt balance to the force, wherewith 
the column between LO and MN endeavours to extend. So 
the part LM of the bottom, which ſuſtains both this force 
and the weight of the water between LO and MN, is preſ- 
ſed upon by a force equal to the united weight of the water 


between LO and MN, and the weight of the water between 


PO and MN; that is, it is prefled on by a force equal to the 
weight of all the water contained between LP and M. And 
this weight is equal to that of the water contained between. 
GI and HK, which is the weight ſuſtained by the part GH 
of the bottom. Now this being true of every part of the 
bottom BC, it is evident, that if another veſſel RS TV be 
formed with a bottom RV equal to the bottom BC, and be 
throughout its whole height of one and the fame breadth; 
when pi veſſel is filled with water to the ſame height, as the 
veſſel AB CD is filled, the bottoms of theſe two veſſels ſhall 
be preſſed upon with equal force. If the veſſel be broader 
at the top than at the bottom, it is evident, that the bottom 
will bear the preffure of ſo much of the fluid, as is p | 
dicularly over it, and the ſides of the veſſel will ſupport the 
reſt. This property of fluids is a corollary from a propoſi- 
tion of our author *; from whence alſo he deduces the ef- 


ſets of the preſſure of fluids on bodies reſting in them. 


Lib, II. prop. 20. cor. 2. 


Theſe 
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Theſe are, that any body heavier than a fluid will ſink to 
the bottom of the veſſel, wherein the fluid is contained, 
and in the fluid will weigh as much as its own weight ex- 
ceeds the weight of an equal quantity of the fluid; any body 
uncompreſſible of the ſame denſity with the fluid, will reſt 
any where in the fluid without ſuffering the leaſt change ei- 
ther in its place or figure from the preſſure of ſuch a fluid, 
but will remain as undiſturbed as the parts of the fluid them - 
ſelves; but every body of leſs denſity than the fluid will 
ſwim on its ſurface, a part only being received within the 
fluid. Which part will be equal in bulk to a quantity of the 
fluid, whoſe weight is equal to the weight of the whole bo- 
dy; for by this means the parts of the fluid under the bo- 
dy will ſuffer as great a preſſure as any other parts of the 
fluid as much below the ſurface as theſe. 


3. IN the next place, in relation to the air, we have a- 
bove made mention, that the air ſurrounding the earth being 
an elaſtic fluid, the power of gravity will have this effect 
on it, to make the lower parts near the ſurface of the earth 
more compact and compreſſed together by the weight of 
the air incumbent, than the higher parts, which are preſ- 
ſed upon by a leſs quantity of the air, and therefore ſu- 
ſtain a leſs weight *. It has been alſo obſerved, that our au- 
thor has laid down a rule for computing the exact degree 
of denſity in the air at all heights from the earth. But 
there is a farther effect from the air's being compreſſed by 
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the power of gravity, which he has diſtinctly conſidered. 
The air being elaſtic and in a ſtate of compreſſion, any tre- 
mulous body will propagate its motion to the air, and excite 
therein vibrations, which will ſpread from the body that 
occaſions them to a great diſtance. This is the efficient cauſe 
of ſound : for that ſenſation is produced by the air, which, 
as it vibrates, ſtrikes againſt the organ of hearing. As this 
ſubject was extremely difficult, ſo our great author's ſucceſs : 
is ſurprizing. 
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4. Our author's doctrine upon this head I ſhall endea- 
vour to explain ſomewhat at large. But preliminary thereto 
muſt be ſhewn, what he has delivered in general of preſ- 
fure propagated through fluids ; and alſo what he has ſet. 
down relating to that wave-like motion, which appears up- 
on the ſurface of water, when agitated by throwing any thing 
Into it, or by the reciprocal motion of the finger, &c. 


5. Conctanins the firſt, it is proved, that preſſure is 
{ſpread through fluids, not only right forward in a ſtreight 
line, but alſo laterally, with almoſt the ſame eaſe and force. 
Of which a very obvious exemplification by experiment is 
propoſed : that is, to agitate the ſurface of water by the re- 
ciprocal motion of the finger forwards and backwards only ; 
for though the finger have no circular motion given it, yet the 
waves excited in the water will diffuſe themſelves on each 
hand of the direction of the motion, and ſoon ſurround the 
finger. Nor is what we obſerve in ſounds unlike to this, which 
do not proceed in ſtraight lines only, but are heard though a 
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mountain intervene, and when they enter a room in any 
part of it, they ſpread themſelves into every corner; not by 
reflection from the walls, as ſome have imagined, but as 
far as the ſenſe can judge, directly from the place where they 


enter. 


6. How the waves are excited in the ſurface of ſtagnant 
water, may be thus conceived. Suppoſe in any place, the 
water raiſed above the reſt in form of a ſmall hillock; that 
water will immediately ſubſide, and raiſe the circumambient. 
water above the level of the parts more remote, to which the 
motion cannot be communicated under longer time. And 
again, the water in ſubſiding will acquire, like all falling bo- 
dies, a force, which will carry it below the level ſurface, till 
at length the preſſure of the ambient water prevailing, it will 
riſe again, and even with a force like to that wherewith it de- 
ſcended, which will carry it again above the level. But in 
the mean time the ambient water before raiſed will ſubſide, 
as this did, ſinking below the level; and in ſo doing, will 


not only raiſe the water, which firſt ſubſided, but alſo the wa- 
ter next without itſelf. So that now beſide the firſt hillock, 


we ſhall have a ring inveſting it, at ſome diſtance raiſed above 
the plain ſurface likewiſe; and between them the water will 
be ſunk below the reſt of the ſurface. After this, the firſt hil- 
lock, and the new made annular riſing, will deſcend ; raiſing : 
the water between them, which was before depreſſed, and like- - 
wiſe the adjacent part of the ſurface without. Thus will theſe 
annular waves be ſucceſſively ſpread more and more. For; 
as the hillock ſubſiding produces one ring, and that ring ſub- 
{ding : 
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ſiding raiſes again the hillock, and a ſecond ring; ſo the hil- 
lock and ſecond ring ſubſiding together raiſe the firſt ring, 
and a third; then this firſt and third ring ſubſiding together 
raiſe the firſt hillock, the ſecond ring, and a fourth; and ſo 
on continually, till the motion by degrees ceaſes. Now it is de- 
monſtrated, that theſe rings aſcend and deſcend in the manner 
of a pendulum; deſcending with a motion continually acce- 
lerated, till they become even with the plain ſurface of the flu- 
id, which is half the ſpace they deſcend; and then being re- 
tarded again by the ſame degrees as thoſe, whereby they were 
accelerated, till they are depreſſed below the plain ſurface, as 
much as they were before raiſed above it: and that this augmen- 
tation and diminution of their velocity proceeds by the ſame 
degrees, as that of a pendulum vibrating in a cycloid, and 
whoſe length ſhould be a fourth part of the diſtance between 
any two adjacent waves: and farther,- that a new ring is 
produced every time a pendulum, whoſe length is four times 
the former, that is, equal to the interval between the ſum- 
mits of two waves, makes one oſcillation or ſwing *. 


7. TH1s now opens the way for underſtanding the mo- 
tion conſequent upon the tremors of the air, excited by 
the vibrations of ſonorous bodies: which we muſt conceive 
to be performed in the following manner. 


8. LET A, B, C, D, E, E, G, H (in fig. 110.) repreſent a ſe- 
ries of the particles of the air, at equal diſtances from each 
other. IKL a muſical chord, which I ſhall uſe for the tre- 


® Vid, Newt. Princ. Lib. II. prop. 46. 
mulous 
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mulous and ſonorous body, to make the conception as ſim- 
ple as may be. Suppoſe this chord ſtretched upon the points 
L and L, and forcibly drawn into the ſituation IKL, fo that 
it become contiguous to the particle A in its middle point K: 
and let the chord from this ſituation begin to recoil, preſſing 
againſt the particle A, which will thereby be put into motion 
towards B: but the particles A, B, C being equidiſtant, the 
elaſtic power, by which B avoids A, is equal to, and balan- 
ced by the power, by which it avoids C; therefore the elaſtic. 
force, by which B is repelled from A, will not put B into any 
degree of motion, till A is by the motion of the chord brought 
nearer to B, than Bis to C: but as ſoon as that is done, the 
particle B will be moved towards C; and being made to ap- 
proach C, will in the next place move that; which will up- 
on that advance, put D likewiſe into motion, and ſo on: 
therefore the particie A being moved by the chord, the fol- 
lowing particles of the air B, C, D, &c. will ſucceſſively be 
moved. Farther, if the point K of the chord moves for- 
ward with an accelerated velocity, fo that the particle A ſhall 
move againſt B with an advancing pace, and gain ground of 
it, approaching nearer and nearer continually ; A by approach- 
ing will preſs more upon B, and give it a greater velocity 
likewiſe, by reaſon that as the diſtance between the particles 
diminiſhes, the elaſtic power, by which they fly each other, 
increaſes. Hence the particle B, as well as A, will have its 
motion gradually accelerated, and by that means will more 
and more approach to C. And from the ſame cauſe C will 
more and more approach DP; and ſo of the reſt. Suppoſe 
now, ſince the agitation of theſe particles has been ſhewn to 
| be. 
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be ſucceſlive, and to follow one another, that E be the re- 
moteſt particle moved, while the chord is moving from its 
curve ſituation IK L into that of a ſtreight line, as I L; and 
E the firſt which remains unaffected, though juſt upon the 
point of being put into motion. Then ſhall the particles 
A, B, C, D, E, E, G, when the point K is moved into , have 
acquired the rangement repreſented by the adjacent points 
A, B, c, d, e, „, g: in which à is nearer to þ than þ to c, and 
5 nearer to c than c to d, and c nearer to d than d to e, and 
A nearer to e than e to /, and laſtly e nearer wo / than fog, 


9. Bur now the chord having recovered its rectilinear ſi- 
tuation T&L, the following motion will be changed, for the 


point K, which before advanced with a motion more and 
more accelerated, though by the force it has acquired it will 


go on to move the ſame way as before, till it has advanced 
near as far forwards, as it was at firſt drawn backwards ; yet 
the motion of it will henceforth be gradually leſſened. The 
effect of which upon the particles a, G, c, d, e, f, g will be, 
that by the time the chord has made its utmoſt advance, and 
is upon the return, theſe particles will be put into a contrary 
Tangement; ſo that ſhall be nearer to g, than e to V, and 
e nearer to F than d to e; and the like of the reſt, till you 
come to the firſt . a,b, whoſe diſtance will then be 
nearly or quite what it was at firſt. All which will appear 
as follows. The preſent diſtance between & and þ is ſuch, 
that the elaſtic power, by which à repels h, is ſtrong enough to 
maintain that diſtance, though à advance with the velocity, 
with which the ſtring reſumes i its rectilinear figure ; and the 


motion 
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motion of the particle @ being afterwards ſlower, the 
preſent elaſticity between @ and b will be more than 
_ ſufficient to preſerve the diſtance between them. There- 
fore while it accelerates b it will retard a. The di- 
ſtance be will ſtill diminiſh, till ö come about as near 
to c, as it is from 4 at preſent; for after the diſtances 
ab and bc are become equal, the particle b will continue 
its velocity ſuperior to that of c by its own power of in- 
activity, till ſuch time as the increaſe of elaſticity between 
b and c more than ſhall be between a and b ſhall ſup- 
preſs its motion: for as the power of inactivity in b made a 
greater elaſticity neceſſary on the fide of @ than on the fide 
of c to puſh b forward, ſo what motion b has acquired it will 
retain by the ſame power of inactivity, till it be ſuppreſſed 
by a greater elaſticity on the fide of c, than on the fide of 4. 
But as ſoon as b begins to ſlacken its pace the diſtance of b 
from ec will widen as the diſtance ab has already done. Now 
as 4 acts on b, ſo will b on e, c on d, c. fo that the diſtan- 
ces between all the particles a, b, c, d, e, f, g will be ſucceſſively 
contracted into the diſtance of a from b, and then dilated 
again. Now becauſe the time, in which the chord deſcribes 
this preſent half of its vibration, is about equal to that it took 
up in deſcribing the former ; the particles a, b will be as long 
in dilating their diſtance, as before in contracting it, and 

will return nearly to their original diſtance. And farther, 
the particles b, c, which did not begin to approach ſo ſoon 
as 4, h, are now about as much longer, before they begin to 
recede ; and likewiſe the particles c, d, which began to ap- 
proach alles b, c, begin to ſeparate later. * it appears 
that the particles, whoſe diſtance began to be leſſened, when 
Nn that 
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that of a, b was firſt enlarged, viz. the particles f, g, ſhould 
be about their neareſt diſtance, when a and b have recover- 
ed their prime interval. Thus will the particles a; B, c; d, 
e g have changed their ſituation in the manner aſſerted. 
But farther, as the particles f, g or F, G gradually approach 
each other, they will move by degrees the ſucceeding; par- 
ticles to as great a length, as the particles A, B did by a like 
approach. So that, when the chord has made its greateſt ad- 
vance, being arrived into the ſituation I x L, the particles mo- 
ved by it will have the rangement noted by the points a, 8, y, 
HC un b, A, 1 E. Where a, Bare at the original diſtance of 
the particles in the line AH; &,, are the neareſt of all, and 
the diftance t is equal to:thatbetween a and g. 


Io. By this time the chord I L begins to return, and the 
diſtance between the particles a and g. being enlarged to its 
original magnitude, « has loſt all that force it had acqui- 
red by its motion, being now at reſt; and therefore will 
return with the chord, making the diſtance between a and 
& greater than the natural; for g will not return ſo ſoon; 
becauſe its motion forward is not yet quite ſuppreſſed, the 
diſtance 8y not being already enlarged to its prime dimen- 
fton : but the receſs of a, by diminiſhing the preſſure up- 
on g by its elaſticity; will occaſion the motion of g; to be 
ſtopt in a little time by the action of y, and then ſhall 
& begin to return: at which time the diſtance between / 
and & ſhall by the ſuperior action of * above g be en: 
larged to the dimenſion of the diſtance gy, and therefore 
ſoon after to that of ag. Thus it appears, that each of 
theſe particles goes on to move forward, till its diſtance from 
a the 
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the preceding one be equal to its original diſtance ; the 


whole chain a, 8, 4, % e, Cen, having an undulating motion 
forward, which is ſtopt gradually by the exceſs of the ex- 
panſive power of the preceding parts above that of the 
hinder. Thus are theſe parts ſucceſſively ſtopt, as before 
they were moved; ſo that when the chord has regained its 
rectilinear ſituation, the expanſion of the parts of the air 
will have advanced ſo far, that the interval between & , 
which at preſent is moſt contracted, will then be reſtored 
to its natural ſize: the diſtances between » and g, 6 and x, x 
and u, w andy, , and E, being ſucceſſively contracted into 
the preſent diſtance of & from , and again enlarged; fo 
that the ſame effect ſhall be produced upon the parts beyond 


e „ by the enlargement of the diſtance between thoſe two 


particles, as was occaſioned upon the particles a, f, y, A, e, 
C ny 0, Az ty 1, & by the enlargement of the diſtance @ 8 to 
its natural extent. And therefore the motion in the air 
will be extended half as much farther as at preſent, and 
the diſtance between , and z cohtracted into that, which 


is at preſent between ( and », all the particles of the air 
in motion taking the rangement expreſſed in figure 


4 $5 by the points ay fy 75 M & Go wb, Ay th 1 E, Ty o% T5 S; 
wherein the particles from a to £ have their diſtances from 
each other gradually diminiſhed, the diſtances between the 
particles , E being contracted the moſt from the natural diſt- 
ance between thoſe particles, and the diſtance between a, 8 as 
much augmented, and the diſtance between the middle par- 
ticles d becoming equal to the natural. The particles æ, p, e, 
T7, & Which follow E, have their diſtances gradually greater 
0 3 $ and 
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and greater, the particles u &,  þy oy T5 o being ranged like 
the particles a, B, c, d, e, f, g, or like the particles &, », 8, a, 
ws „ £ in the former figure. Here it will be underſtood, by what 
has been before explained, that the particles ,, being at 
their natural diftance from each other, the particle & is at 
reſt; the particles » 0, yy By a between them and the ſtring 
being in motion backward, and the reſt of the particles 
wo 0, Ay 4% „) £ wy p50, r in motion forward : each of the par- 
ticles between » and E moving faſter than that, which im- 
mediately follows it ; but of the particles from F to , on 
the contrary, thoſe behind id on faſter than thoſe, 
which precede. 


11. Bur now the ſtring having recovered its rectilinear: 
figure, though it ſhall go on recoiling, till it return near to its 
firſt ſituation IK L, yet there will be a change in its motion; ſo 
that whereas it returned from the ſituation I x L with an ac- 
ar re motion, its motion ſhall from hence be retarded 

gain by the ſame degrees, as accelerated before. The ef- 
2 of which change upon the particles of the air will be 
this. As by the accelerated motion of the chord « con- 
tiguous to it moved faſter than g, ſo as to make the in- 
terval a'Þ greater than the interval g, and from thence 3 
was made likewiſe to move faſter than , and the diſtance be- 
tween g and y rendered greater than the diſtance between 
and % and fo of the reſt ; now the motion of a being di- 
miniſhed, g ſhall overtake it, and the diſtance between a 
and g be reduced into that, which is at preſent between g and 
15 the interval between 8 and y being inlarged i into the 2 

ent 


„ 
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ſent diſtance between à and g; but when the interval g y 

is increaſed to that, which is at preſent between « and 8, 
the diſtance between y and a ſhall be enlarged to the pre- 

ſent diſtance between »y and g, and the diſtance between at 
and « inlarged into the preſent diſtance between »y and a ; 

and the fame of the reſt. But the chord more and more 
flackening its pace, the diſtance between a and & ſhall be 

more and more diminiſhed ; and in conſequence of that the 
diſtance between g and + ſhall be again contracted, firſt in- 

to its preſent dimenſion, and afterwards into a narrower 
ſpace; while the interval y A ſhall dilate into that at preſent 
between a and g, and as ſoon as it is ſo much enlarged, it ſhall 

contract again. Thus by the reciprocal expanſion and con- 
traction of the air between a and &, by that time the chord. 
is got into the ſituation IKL, the interval & ſhall be ex- 
panded into the preſent diſtance between a and g; and by 

that time likewiſe the preſent diſtance of a from g will be 
contracted into their natural interval: for this diſtance will 
be about the fame time in contracting it ſelf, as has been 
taken up in its dilatation ; ſeeing the ſtring will be as long 
in returning from its rectilinear figure, as it has been in re- 
covering it from its fituation I L. This is the change 
which will be made in the particles. between a and C. As. 
for thoſe between & and Z, becauſe each preceding parti- 
cle advances faſter than that, which immediately follows it, 
their diſtances will ſucceſſively be dilated into that, which 
is at preſent between & and . And as ſoon as any two 
particles are arrived at their natural diſtance, the hinder- 


moſt of them ſhall be ſtopt, and immediately after return, 
the 
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the diſtances between the returning particles being greater 
than the natural. And this dilatation of theſe diſtances ſhall 
extend ſo far, by that time the chord is returned into its firſt 
fituation IK L, that the particles & ſhall be removed to their 
natural diſtance, But the dilatation of, f ſhall contract 
the interval 7 into that at preſent between, and E, and the 
contraction of the diſtance between thoſe two particles 7 
and og will agitate a part of the air beyond; ſo that when 
the chord is returned into the ſituation IK L, having made 
an intire vibration, the moved particles of the air will take 
the rangement expreſſed by the points, J, nn, u, o, P,q,7,5, 
4, 0, , &, V, E, I, 2, 3, 4,$,0,7,8: in which Im, are at 
the natural diſtance of the particles, the diſtance nn greater 
than Im, and 220 greater than n u, and ſo on, till you come 
to qr, the wideſt of all: and then the diſtances gradually 
diminiſh not only to the natural diſtance, as 2% x, but till 
they are contracted as much as Z r was before; which falls 
out in the points 2,3, from whence the diſtances augment 
again, till you come to the part of the air untouched, 


12. THis is hs motion, into which the air is put, while 
the chord makes one vibration, and the whole length of air 
thus agitated in the time of one vibration of the chord our 
author calls the length of one pulſe. When the chord goes 
on to make another vibration, it will not only continue to 
agitate the air at preſent in motion, but ſpread the pullation 
of the air as much farther, and by the ſame degrees, as be- 
fore. For when the chord returns into its rectilinear ſitu- 


ation Ir L. Im ſhall be brou ght into its moſt contracted 
ſtate 
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ſtate, qr now in the ſtate of greateſt dilatation ſhall be re- 
duced to its natural diftance, the points 2v, x now at their 
natural diſtance ſhall be at their greateſt diſtance, the points 
2, 2 now moſt contracted enlarged to their natural diſtance, 
and the points 7, 8 reduced to their moſt contracted ſtate: 
and the contraction of them will carry the agitation of the 
air as far beyond them, as that motion was carried from the 
chord, when it firſt moved out of the ſituation IKL into 
its rectilinear figure. When the chord is got into the ſitu- 
ation IzL, Im {hall recover its natural dimenſions, qr be 
reduced to its ſtate of greateſt contraction, 2% x brought to 
its natural dimenſion, the diſtance 2 3 enlarged to the ut- 
moſt, and the points 7, 8 ſhall have recovered their na- 
tural diſtance; -and by thus recovering themſelves they ſhall 
agitate the air to as great a length beyond them, as it was 
moved beyond the chord, when it firſt came into the fitu- 
ation IxL. When the chord is returned back again into 
its rectilinear ſituation, Im ſhall be in its utmoſt dilatation, 
qr reſtored again to its natural diſtance, 2 x reduced into 
its ſtate of greateſt contraction, 2 2 ſhall recover its natu- 
ral dimenſion, and 7 8 be in its ſtate of greateſt dilatation: 
By which means the air ſhall be moved as far beyond the points 
17, 8, as it was moved beyond the chord, when it before made 
its return back to its rectilinear ſituation; for the particles 
7, 8 have been changed from their ſtate of reft and their 
natural diſtance into a ſtate of contraction, and then have 
proceeded to the recovery of their natural diſtance, and af- 
ter that to a dilatation of it, in the ſame manner as the: 
particles contiguous to the chord were agitated before. In 


the: 
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the laſt place, when the chord is returned into the ſituation 
IKL, the particles of air from / to A ſhall acquire their pre- 
ſent rangement, and the motion of the air be extended as 
much farther. And the like will ben after every com- 
pleat vibration of the ſtring. 


13. CONCERNING this motion of ſound, our author 
ſhews how to compute the velocity thereof, or in what time 
it will reach to any propoſed diſtance from the ſonorous 
body. For this he requires to know the height of air, hav- 
ing the ſame denſity with the parts here at the ſurface of 
the earth, which we breath, that would be equivalent in 
weiglit to the whole incumbent atmoſphere. This is to 
be found by the barometer, or common weatherglaſs. In 
that inſtrument quickſilver is included in a hollow glaſs 
cane firmly cloſed at the top. The bottom is open, but 
immerged into quickſilver contained in a veſſel open to the 
air. Care is taken when the lower end of the cane is immer- 
ged, that the whole cane be full of quickſilver, and that no air 
inſinuate itſelf. When the inſtrument is thus fixed, the quick- 
filver in the cane being higher than that in the veſſel, if 
the top of the cane were open, the fluid would ſoon fink 
out of the glaſs cane, till it came to a level with that in 
the veſſel. But the top of the cane being cloſed up, fo 
that the air, which has free liberty to preſs on the quick- 
filver in the veſſel, cannot bear at all on that, which is with- 
in the cane, the quickfilver in the cane will be ſuſpended 
to ſuch a height, as to balance the preſſure of the air on 
the quickſilver in the veſſel. Here it is evident, that the 

3 weight 
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weight of the quickſilver in the glaſs cane is equivalent to 
the preſſure of fo much of the air, as is perpendicularly over 
the hollow of the cane; for if the cane be opened that the 
air may enter, there will be no farther uſe of the quickſil- 
ver to ſuſtain the preſſure of the air without; for the quick- 
ſilver in the cane, as has already been obſerved, will then ſub- 
fide to a level with that without. Hence therefore if the pro- 
portion between the denſity of quickfilver and of the air we 
breath be known, we may know what height of ſuch air would 
form a column equal in weight to the column of quickſil- 
ver within the glaſs cane. When the quickſilver is ſuſtain- 
ed in the barometer at the height of 30 inches, the height 
of ſuch a column of air will be about 29725 feet; for in 

this caſe the air has about g of the denſity of water, and 
the denfity of quickfilver exceeds that of water about 
133 times, ſo that the denſity of quickfilver exceeds that 
of the air about 11890 times; and ſo many times 30 in- 
ches make 29725 feet. Now Sir Is AAC NEwWTON de- 
termines, that while a pendulum of the length of this column 
ſhould make one vibration or ſwing, the ſpace, which any 
ſound will have moved, ſhall bear to this length the ſame 
proportion, as the circumference of a circle bears to the di- 
ameter thereof; that is, about the proportion of 355 to 
I13*. Only our author here conſiders {ingly the gradual 

progreſs of ſound in the air from particle to particle in the 
manner we have explained, without taking into confidera- 
tion the magnitude of thoſe particles. And though there 
requires time for the motion to be propagated from one par- 

2 Princ. philoſ. Lib. II. prop. 49. | 
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ticle to another, yet it is communicated to the whole of 
the ſame particle in an inſtant: therefore whatever propor- 
tion the thickneſs of theſe particles bears to their diſtance 
from each other, in the ſame proportion will the motion 
of ſound be ſwifter. Again the air we breath is not ſim- 
ply compoſed of the elaſtic part, by which ſound is con- 
veyed, but partly of vapours, which are of a different na- 
ture; and in the computation of the motion of ſound we 
ought to find the height of a column of this pure air on- 
ly, whoſe weight ſhould be equal to the weight of the quick- 
ſilver in the cane of the barometer, and this pure air being a 
part only of that we breath, the column of this pure air will 

be higher than 29725 feet. On both theſe accounts the 
motion of ſound is found to be about 1142 feet in one ſe- 

cond of time, or near 13 miles in a minute, whereas by the 
compu tation propoſed above, it ſhould move but 979 feet 
in one ſecond. 


14. WE may obſerve here, that from theſe demonſtra- 
tions of our author it follows, that all ſounds whether a- 
cute or grave move equally ſwift, and that ſound is ſwiſteſt, 
when the quickfilver ſtands higheſt in the barometer. 


Is: Tuus much of the appearances, which are cauſed in 
theſe fluids from their gravitation toward the earth, They 
alſo gravitate toward the moon; for in the laſt chapter it 
has been proved, that the gravitation between the earth and 
moon is mutual, and that this gravitation of the whole bo- 
dies ariſes from that | nan "_ in all their parts; ſo that 


every 
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every particle of the moon gravitates toward the earth, 
and every particle of the earth toward the moon. But 
this gravitation of theſe fluids toward the moon produces 


no ſenſible effect, except only in the ſea, where it cauſes 
the tides. 


I6. THAT the tides depend upon the influence of the 
moon has been the receiv'd opinion of all antiquity ; nor is 
there indeed the leaſt ſhadow of reaſon to ſuppoſe otherwiſe, 
conſidering how ſteadily they accompany the moon's courſe. 
Though how the moon cauſed them, and by what princi- 
ple it was enabled to produce ſo diſtinguiſh'd an appearance, 
was a ſecret left for this philoſophy to unfold : which teaches, 
that the moon is not here alone concerned, but that the 
ſun likewiſe has a conſiderable ſhare in their production; 
though they have been generally aſcribed to the other lu- 
minary, becauſe its effect is greateſt, and by that means 
the tides more immediately ſuit themſelves to its motion; 
the ſun diſcovering its influenee more by enlarging or re- 
ſtraining the moon's power, than by any diſtinct effects. 
Our author finds the power of the moon to bear to the 

power of the ſun about the proportion of 4 + to 1. This 
he deduces from the obſervations made at the mouth of 
the river Avon, three miles from Briſtol, by Captain 8 ru 
EV, and at Plymouth by Mr. CoLE PRESSE, of the height 
to which the water is raiſed in the conjunction and oppo- 
fition of the luminaries, compared with the elevation of it, 
when the moon is in either quarter; the firſt being cauſed 
Oo 2 by 
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by the united actions of the ſun and moon, and the o- 
ther by the difference of them, as ſhall hereafter be ſhewn. 
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17. That the, ſun: ſhould have a like effect on the ſea, 
as the moon, is very manifeſt; ſince the ſun likewiſe attracts 
every ſingle particle, of which this earth is compoſed. And 
in both luminaries fince the power of gravity is reciprocally 
im the duplicate proportion of the diſtance, they will not 
draw: all the parts of the waters in the ſame manner; but 


muſt act upon the neareſt parts ſtronger, than upon the re- 
moteſt, producing by this inequality an irregular motion. 
We ſhall now attempt to ſhew how the actions of the ſun 
and moon on the waters, by being combined together, pro- 
duce all the appearances obſerved in the tides. 


has been ſaid above, that if the moon without the ſun would 
have deſcribed an orbit concentrical to the earth, the action 
of the ſun would make the orbit oval, and bring the moon 
nearer to the earth at the new and full, than at the quarters. 
Now our excellent author obſerves, that if inſtead of one moon, 
we ſuppoſe a ring of moons, contiguous and occupying the: 
whole orbit of the moon, his demonſtration- would: ſtill take 
place, and prove that the parts of this ring in paſſing from the 
quarter to the conjunction or oppoſition would be accelerated, 
and be retarded again in paſſing from the conjunction or op- 
f to the next quarter. And as this effect does not de- 


* Chop. 3. 5 16. 


pend 
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pend on the magnitude of the bodies, whereof the ring is 
compoſed, the ſame would hold, though the magnitude of 


theſe moons were ſo far to be A and their num- 


ber increaſed, till they ſhould form a uid - Now the 
earth turns round continually upon its own center, cauſ- 
ing thereby the alternate change of day and night, while 
by this revolution each part of the earth is ſucceſſively 
brought toward the ſun, and carried off again in the ſpace 
of 24 hours. And as the ſea revolves round along with the 
earth itſelf in this diurnal motion, it will repreſent i in ſome 
ſort ſuch a fluid ring, 


19. Bor as the water of the ſea does not move round 
with fo much ſwiftneſs, as would carry it about the center 
of the earth in the circle it now deſcribes, without being 
ſupported by the body of the earth; it will be neceſſary to 
conſider the water under three diſtin caſes. The firſt caſe 
ſhall ſuppoſe the water to move with the degree of ſwiftneſs, 
required to carry a body round the center of the earth diſ- 
ingaged from it in a circle at the diſtance of the earth's 
ſemidiameter, like another moon. The ſecond caſe is, that 
the waters make but one turn about the axis of the earth 
in the ſpace of a month, keeping pace with the moon ; 
fo that all parts of the water ſhould preſerve continually 
the ſame ſituation in reſpect of the moon. The third 
caſe ſhall be the real one of the waters moving with a ve- 
locity between theſe two, neither ſo ſwift as the rſt caſe 
requires, nor ſo {low as the ſecond. 


a Newt. Princ. philoſ. Lib. I. prop. 66. coroll. 18. 


20. IN 
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20. In the firſt caſe the waters, like the body which 
they equalled in velocity, by the action of the moon would 
be brought nearer the center under and oppoſite to the moon, 
than in the parts in the middle between theſe eaſtward or 
weſtward. That ſuch a body would ſo alter its diſtance by 
the moon's action u pon it, is clear from what has been 
mentioned of the like changes in the moon's motion cauſed 
by the ſun . And computation ſhews, that the differ- 
ence between the greateſt and leaſt diſtance of ſuch a body 
would not be much above 4. = feet. But in the ſecond 
caſe, where all the parts of the water preſerve the ſame ſitua- 
tion continually in reſpect of the moon, the weight of thoſe 
parts under and oppoſite to the moon will be diminiſhed 
by the moon's action, and the parts in the middle between 
theſe will have their weight increaſed : this being effected 
Juſt in the ſame manner, as the ſun diminiſhes the attracti- 
on of the moon towards the earth in the conjunction and 
oppoſition, but increaſes that attraction in the quarters. 
For as the firſt of theſe conſequences from the ſun's act- 
tion on the moon is occaſioned by the moon's being at- 
tracted by the ſun in the conjunction more than the earth, 
and in the oppolition leſs than it, and therefore in the 
common motion of the earth and moon, the moon is 
made to advance toward the ſun in one caſe too faſt, and 
in the other is left as it were behind; ſo the earth will 
not have its middle parts drawn towards the moon fo ſtrong- 
ly as the nearer parts, and yet more forcibly than the re- 
moteſt: and therefore fince the earth and moon move each 

268, 
month 
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month round their common center of gravity *, while 
the earth moves round this center, the ſame effect will be 
produced, on the parts of the water neareſt to that cen- 
ter or to the moon, as the moon feels from the fun when 
in conjunction, and the water on the contrary fide of the 
earth will be affected by the moon, as the moon is by the 
ſun, when in oppoſition *; that is, in both caſes the weight 
of the water, or its propenſity towards the center of the 
earth, will be diminiſhed. The parts in the middle between 
theſe will have their weight increaſed, by being preſſed 
towards the center of the earth through the obliquity of 
the moon's action upon them to its action upon the earth's 
center, juſt as the ſun increaſes the gravitation of the moon 
in the quarters from the ſame cauſe * But now it is mani- 
feſt, that where the weight of the ſame quantity of water: 
is leaſt, there it will be accumulated ; while the parts, which 
have the greateſt weight, will ſubſide. Therefore in this 
caſe there would be no tide or alternate riſing and falling 
of the water, but the water would form. it ſelf into an 
oblong figure, whoſe axis prolonged would paſs through 
the moon. By Sir Isaac NEwToN's computation the. 
exceſs of this axis above the diameters perpendicular to it, 
that is, the height of the waters-under and oppoſite to the 
moon above their height in the middle between theſe pla- 
ces eaſtward or weſtward cauſed by the moon, is about 
8+ feet. 
ck z. 6 K » Ch. 3. $17. © Ibid, | 
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21. Tus the difference of height in this latter ſup- 
poſition is little ſhort of twice that difference in the pre- 
ceding. But the caſe of the ſea is a middle between theſe 
two: for a body, which ſhould revolve round the center 
of the earth at the diſtance of a ſemidiameter without preſſing 
on the earth's ſurface, muſt perform its period in leſs than 
an hour and half, whereas the earth turns round but once 
in a day; and in the caſe of the waters keeping pace with 
the moon it ſhould turn round but once in a month: ſo 
that the real motion of the water is between the motions re- 
quired in theſe two caſes. Again, if the waters moved round 
as ſwiftly as the firſt caſe required, their weight would be 
wholly taken off by their motion; for this caſe ſuppoſes 
the body to move ſo, as to be kept revolving in a circle 
round the earth by the power of gravity without preſſing 
on the earth at all, ſo that its motion juſt ſupports its weight. 
But if the power of gravity had been only 5; part of 
what it is, the body could have moved thus without preſ- 
ſing on the earth, and have been as long in moving round, 
as the earth it ſelf is. Conſequently the motion vf the 
earth takes off from the weight of the water in the mid- 
dle between the poles, where its motion is ſwifteſt, 285 part 
of its weight and no more. Since therefore in the firſt 
caſe the weight of the waters muſt be intirely taken off by 
their motion, and by the real motion of the earth they loſe 
only g part thereof, the motion of the water will fo little 
diminiſh their weight, that their figure will much nearer re- 
ſemble the caſe of their keeping pace with the moon than the 
other. Upon the whole, if the waters moved with the 


I velo- 
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velocity neceſſary to carry a body round the center of the 
earth at the diſtance of the earth's ſemidiameter without 
bearing on its ſurface, the water would be loweſt under 
the moon, and riſe gradually as it moved on with the earth 
eaſtward, till it came half way toward the place oppoſite 
to the moon; from thence it would ſubſide again, till it 
came to the oppoſition, where it would become as low as 
at firſt; afterwards it would riſe again, till it came half 
way to the place under the moon; and from hence it 
would ſubſide, till it came a ſecond time under the moon. 
But in caſe the water kept pace with the moon, it 
would be higheſt where in the other caſe it is loweſt, 
and loweſt where in the other it is higheſt ; therefore the 
diurnal motion of the earth being between the motions of 
theſe two caſes, it will cauſe the higheſt place of the water to 
fall between the places of the greateſt height in theſe two 
caſes. The water as it paſſes from under the moon ſhall 
for ſome time riſe, but deſcend again before it arrives half 
way to the oppoſite place, and ſhall come to its leaſt 
height before it becomes oppoſite to the moon; then it ſhall 
riſe again, continuing ſo to do till it has paſſed the place 
oppoſite to the moon, but ſubſide before it comes to the 
middle between the places oppoſite to and under the moon; 
and laſtly it ſhall come to its loweſt, before it comes a ſe- 
cond time under the moon. If A (in fig. 111, 112, 114.) 
repreſent the moon, B the center of the earth, the oval CDEF 
in fig. I12. will repreſent the ſituation of the water in the 
firſt caſe; but if the water kept pace with the moon, 
the line CDEF in fig. £12. would repreſent the fitua- 

P p : tion 
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tion of the water; but the line C DEF in fig. 1 14. will re- 
preſent the ſame in the real motion of the water, as it 
accompanies the earth in its diurnal rotation: in all theſe 
figures C and E being the places where the water is low- 
eſt, and D and F the places where it is higheſt. Purſu- 
ant to this determination it is found, that on the ſhores, 
which lie expoſed to the open ſea, the high water uſually 
falls out about three hours after the moon has paſſed the 


meridian of each place. 


22. LET this ſuffice in general for explaining the man- 
ner, in which the moon acts upon the ſeas. It is farther 
to be noted, that theſe effects are greateſt, when the moon 
is over the earth's equator *, that is, when it ſhines perpen- 
dicularly upon the parts of the earth in the middle between 
the poles. For if the moon were placed over either of the 
poles, it could have no effect upon the water to make it aſcend 
and deſcend. So that when the moon declines from the e- 
quator toward either pole, it's action muſt be ſomething. 
diminiſhed, and that the more, the farther it declines. 
The tides likewiſe will be greateſt, when the moon is 
neareſt to the earth, it's action being then the ſtrongeſt. 


23. THUs much of the action of the moon. That 
the ſun- ſhould produce the very fame effects, though in 
a leſs degree, is too obvious to require a particular expla- 
nation: but as was remarked before, this action of the 

See whos 9844. | 
ſun. 


— 
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ſun being weaker than that of the moon, will cauſe the 
tides to follow more nearly the moon's courſe, and princi- 
pally ſhew it ſelf by heightening or diminiſhing the ef- 
fects of the other luminary. Which is the occaſion, that 
the higheſt tides are found about the conjunction and oppo- 
ſition of the luminaries, being then produced by their uni- 
ted action, and the weakeſt tides about the quarters of 
the moon; becauſe the moon in this caſe raiſing the water 
where the ſun depreſſes it, and depreſſing it where the 
ſun raiſes it, the ſtronger action of the moon is in part 
retunded and weakened by that of the ſun. Our author 
computes that the fun will add near two feet to the height 
of the water in the firſt caſe, and in the other take from 
it as much. However the tides in both comply with the 
ſame hour of the moon. But at other times, between 
the conjunction or oppoſition and quarters, the time de- 
viates from that forementioned, towards the hour in which 
the fun would make high water, though ſtill it keeps much 


nearer to the moon's hour than to the ſun's. 


24. AGAIN the tides have ſome farther varieties from 
the ſituation of the places where they happen northward 
or ſouthward. Let pP (in fig. 115.) repreſent the axis, on 
which the earth daily revolves, let D H repreſent the 
figure of the water, and let 2 B N D be a globe inſcri- 
bed within this figure. Suppoſe the moon to be advanced 
from the equator toward the north pole, ſo that Y H the 
axis of the figure of the water AHP EV ſhall decline 
towards the north pole N; take any place G nearer to 


1 the 
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the north pole than to the ſouth, and from the center 


of the earth C draw CG F; then will G F denote the altitude 


to which the water is hd by the tide, when the moon is 


above the horizon: in the ſpace of twelve hours, the earth 
having turned half round its axis, the place G will be removed 
to g; but the axis Y H will have kept its place preſerving its 


ſituation in reſpect of the moon, at leaſt will have moved no 
more than the moon has done in that time, which it is not 


neceſſary here to take into conſideration. Now in this caſe 
the height of the water will be equal to g/, which is 
not ſo great as GF. But whereas G F is the altitude at 


high water, when the moon is above the horizon, g will 
be the altitude of the ſame, when the moon is under the 
horizon. The contrary happens toward the ſouth pole, for 
KL is leſs than x . Hence is proved, that when the moon 


declines from the equator, in. thoſe places, which are on 
the fame fide of the equator as the moon, the tides are 


greater, when the moon is above the horizon, than when 


under it; and the contrary happens on the other fide of 


the equator. 


25. Now from theſe principles may be explained all 


the known appearances in the tides; only by the aſſiſt- 
ance of this additional remark, that the fluctuating moti- 
on, which the water has. in flowing and ebbing, is of a 


durable nature, and would continue for ſome time, though 
the action of the luminaries ſhould ceaſe ; for this prevents 


the difference between the tide when the moon is above 


the 
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the horizon, and the tide when the moon is below it from 
being ſo great, as the rule laid down requires. This likewiſe 
makes the greateſt tides not exactly upon the new and full 
moon, but to be a tide or two after; as at Briſtol and Ply- 
mouth they are found the third aſter. 


26. Tris doctrine farther ſhews us, why not only the 
ſpring tides fall out about the new and full moon, and the 
neap tides about the quarters; but likewiſe how it comes 
to paſs, that the greateſt ſpring tides happen about the equi- 
noxes; becauſe the luminaries are then one of them over the 
equator, and the other not far from it. It appears too, why 
the neap tides, which accompany theſe, are the leaſt of all; 
for the ſun ſtill continuing over the equator continues to have 
the greateſt power of leſſening the moon's action, and the 
moon in the quarters being far removed toward one of the 
poles, has its power thereby weakned. 


27. Moreover the action of the moon being ſtronger, 
when near the earth, than when more remote; if the moon, 
when new ſuppoſe, be at its neareſt diſtance from the earth, 
it ſhall when at the full be fartheſt off; whence it is, that 
two of the very largeſt ſpring tides do never immediately 
ſucceed each other. 


28. BECAUSH the ſun in its paſſage from the winter 
ſolſtice to the ſummer recedes from the earth, and paſſing 
from the ſummer ſolſtice to the winter approaches it, and 
is therefore nearer the earth before the vernal equinox than 

after, 


294 Sir Is AAC NEW TON Ss Book II. 


after, but nearer after the autumnal equinox than before; 
the greateſt tides oftner precede the vernal equinox than 
follow it, and in the autumnal equinox on the contrary 
they oftner follow it than come before it. 


29. Tux altitude, to which the water is raiſed in the 
open ocean, correſponds very well to the forementioned calcu- 
lations ; for as it was ſhewn, that the water in ſpring tides 
ſhould riſe to the height of 10 or 11 feet, and the neap 
tides to 6 or 7; accordingly in the Pacific, Atlantic and 
Ethiopic oceans in the parts without the tropics, the 


water is obſerved to riſe about 6, 9, 12 or 15 feet. In the 


Pacific ocean this elevation is faid to be greater than in the 


other, as it ought to be by reaſon of the wide extent of 


that ſea. For the fame reaſon in the Ethiopic ocean be- 
tween the tropics the aſcent of the water is leſs than with- 
out, by reaſon of the narrowneſs of the ſea between the 
caaſts of Africa and the ſouthern parts of America. 
And iſlands in ſuch narrow ſeas, if far from ſhore, have 
leſs tides than the coaſts. But now in thoſe ports where 
the water flows in with great violence upon fords and ſhoals, 


the force it acquires by that means will carry it to a much 


greater height, ſo as to make it aſcend and deſcend to 30, 
40 or even Fo feet and more; inſtances of which we have 


at Plymouth, and in the Severn near Chepſtow ; at 
St. Michael's and Auranches in Normandy ; at Cambay and 
Pegu in the Eaſt Indies. 


20. Aba the tides take a conſiderable time in paſling 


through long firaits, and ſhallow places. Thus the tide, 
3 which 
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which is made on the weſt coaſt of Ireland and on the 
coaſt of Spain at the third hour after the moon's coming 


to the meridian, in the ports eaſtward toward the Britiſh 
channel falls out later, and as the flood paſſes up that chan- 
nel {till later and later, fo that the tide takes up full twelve 


hours in coming up to London bridge. 


31. IN the laſt place tides may come to the fame port 
from different ſeas, and as they may interfere with each 
other, they will produce particular effects. Suppoſe the 
tide from one ſea come to a port at the third hour after 
the moon's paſſing the meridian of the place, but from 
another ſea to take up fix hours more in its paſſage. Here 
one tide will make high water, when by the other it ſhould 
be loweſt; ſo that when the moon is over the equator, and 
the two tides are equal, there will be no riſing and falling 

of the water at all; for as much as the water is carried off 
by one tide, it will be ſupplied by the other. But when the 
moon declines from the. equator, the fame way as the port. 
is ſituated, we have ſhewn that of the two tides of the 
ocean, which are made each day, that tide, which is made 
when the moon is above the horizon, is greater than the 
other. Therefore in this caſe, as four tides come to this. 
port. each day the two. greateſt will come on the third, and 
on the ninth hour after the moon's paſſing the meridian, 
and the two leaſt at the fifteenth and at the twenty firſt 
hour. Thus from the third to the ninth hour more water 
will be in. this port by the two greateſt tides than from 


the ninth to the fifteenth, or from the twenty firſt to the 
following 
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following third hour, where the water is brought by one 
great and one ſmall tide; but yet there will be more 
water brought by theſe tides, than what will be found be- 
tween the two leaſt tides, that is, between the fifteenth and 
twenty firſt hour. Therefore in the middle between the 
third and ninth hour, or about the moon's ſetting, the wa- 
ter will be at its greateſt height; in the middle between the 
ninth and fiſteenth » as alſo between the twenty firſt and 
following third hour it will have its mean height; and be 
loweſt in the middle between the fifteenth and twenty farſt 
hour, that is, at the moon's riſing. Thus here the water 
will have but one flood and one ebb each day. When the 
moon is on the other fide of the equator, the flood will be 
turned into ebb, and the ebb into flood ; the high water fall- 
ing out at the riſing of the moon, uot the low water at 
the ſetting. Now this is the caſe of the port of Batſham 
in the kingdom of Tunquin in the Faſt Indies; to which 
port there are two inlets, one between the continent and the 


iſlands which are called the Manillas, and the other between 
the continent and Borneo. 


32. Taz next thing to be conſidered is the effect, which 
theſe fluids of the planets have upon the ſolid part of the 
bodies to which they belong. And in the firſt place I 
ſhall ſhew, that it was neceſſary upon account of theſe fluid 
parts to form the bodies of the planets into a figure ſome- 
thing different from that of a perfe& globe. Becauſe the 
diurnal rotation, which our earth performs about its axis, 
and the like motion we ſee in ſome of the other planets, 

which 


\ 
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(which is an ample conviction that they all do the like) will 
diminiſh the force, with which bodies are attracted upon 
all the parts of their ſurfaces, except at the very poles, 
upon which they turn. Thus a ſtone or other weighty 
ſubſtance reſting upon the ſurface of the earth, by the 
force which it receives from the motion communicated to 
it by the earth, if its weight prevented not, would con- 
tinue that motion in a ſtraight line from the point where 
it received it, and according to the direction, in which it 
was given, that is, in a line which touches the ſurface at 
that point; inſomuch that it would move off from the 
earth in the fame manner, as a weight faſten'd to a ſtring 
and whirled about endeavours continually to recede from 
the center of motion, and would forthwith remove it ſelf 
to a greater diſtance from it, if looſed from the ſtring which 
retains it. And farther, as the centrifugal force, with which 
ſuch a weight preſſes from the center of its motion, is 
greater, by how much greater the velocity is, with which 
it moves; ſo ſuch a body, as I have been ſuppoſing to lie 
on the earth, would recede from it with the greater force, 
the greater the velocity is, with which the part of the 
earth's ſurface it reſts upon is moved, that is, the farther 
diſtant it is from the poles. But now the power of gravity 
is great enough to prevent bodies in any part of the earth 
from being carried off from it by this means; however it is 
plain that bodies having an effort contrary to that of gravity, 
though much weaker than it, their weight, that is, the de- 
gree of force, with which they are preſſed to the earth, 
will be diminiſhed. thereby, and be the more diminiſhed, 
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the greater this contrary effort is; or in other words, the 
ſame body will weigh heavier at either of the poles, than 
upon any other part of the earth; and if any body be 
removed from the pole towards the equator, it will loſe 
of its weight more and more, and be lighteſt of all at 
the equator, that is, in the middle between the poles. 


32. Tris now is eaſily applied to the waters of the ſeas, 
and ſhews that the water under the poles will preſs more forci- 
bly to the earth, than at or near the equator : and conſequent- 
ly that which preſſes leaſt, muſt give place, till by aſcend- 
ing it makes room for receiving a greater quantity, which by 
its additional weight may place the whole upon a ballance. 
Toilluſtrate this more particularly I ſhall make uſe of fig. 116 
In which let ACBD be a circle, by whoſe revolution about 
the diameter AB a globe ſhould be formed, repreſenting a 
globe of ſolid earth. Suppoſe this globe covered on all ſides 
with water to the ſame height, ſuppoſe that of EA or BF, 
at which diſtance the circle EGFH ſurrounds the circle 
ACBD; then it is evident, if the globe of earth be at reſt, 
the water which ſurrounds it will reſt in that fituation. 
But if the globe be turned inceſſantly about its axis A B, 
and the water have likewiſe the ſame motion, it is alſo 
evident, from what has been explained,. that the water be- 
| tween the circles EHFG and ADBC will remain no longer 
in the preſent ſituation, the parts of it between H and D, and 
between G and C being by this rotation become lighter, than 
the parts between E and A and between B and E; fo that the 
water over the poles A and B muſt of neceſſity ſubſide, and the 


Water 
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water be accumulated over D and C, till the greater quan- 
tity in theſe latter places ſupply the defect of its weight. 
This would be the caſe, were the globe all covered with 
water. And the ſame figure of the ſurface would alſo be 
preſerved, if ſome part of the water adjoining to the globe 
in any part of it were turned into ſolid earth, as is too 
evident to need any proof; becauſe the parts of the water 
remaining at reſt, it is the ſame thing, whether they con- 
tinue in the ſtate of being eaſily ſeparable, which denomi- 
nates them fluid, or were to be conſolidated together, ſo 
as to make a hard body: and this, though the water ſhould 
in ſome places be thus conſolidated, even to the ſurface of it. 
Which ſhews that the form of the ſolid part of the earth makes 
no alteration in the figure the water will take: and by 
conſequence in order to the preventing ſome parts of the 
earth from being entirely overflowed, and other parts 
quite deſerted, the ſolid parts of the earth muſt have gi- 
ven them much the ſame figure, as if the whole earth were 
covered on all ſides with water. 


34. FARTHER, I ſay, this figure of the earth is the 
ſame, as it would receive, were it entirely a globe of wa- 
ter, provided that water were of the ſame denſity as the ſub- 
ſtance of the globe. For ſuppoſe the globe AC BD to be 
liquified, and that the globe EH FG, now entirely water, 


by its rotation about its axis ſhould receive ſuch a figure 
as we have been deſcribing, and then the globe AC BD 


ſhould be conſolidated again, the figure of the water 
would plainly not be altered, by ſuch a conſolidation. 


093 35. Bur 
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25. Bur from this laſt obſervation our author is ena- 


bled to determine the proportion between the axis of the 
earth drawn from pole to pole, and the diameter of the e- 


quator, upon the ſuppoſition that all the parts of the earth are 
of equal denſity ; which he does by computing in the firſt 
place the proportion of the centrifugal force of the parts un- 
der the equator to the power of gravity; and then by con- 
fidering the earth as a ſpheroid, made by the revo- 
lution of an ellipſis about its leſſer axis, that is, ſuppoſing the 
line MILK to be an exact ellipſis, from which it can dif- 
fer but little, by reaſon that the difference between the 
leſſer axis ML and the greater IK is but very ſmall. From 
this ſuppoſition, and what Was proved before, that all the 
particles which compoſe the earth have the attracting power 
explained in the preceding chapter, he finds at what di- 
ſtance the parts under the equator ought to be removed from 
the center, that the force, with which they ſhall be attracted 
to the center, diminiſhed by their centrifugal force, ſhall, 
be ſufficient to keep thoſe parts in a ballance with thoſe which, 
lie under the poles. And upon the ſuppoſition of all the 
parts of the earth having the fame degree of denſity, the 
earth's ſurface at the equator muſt be above 17 miles more 


diſtant from the center, than at the poles *. 


36. AFTER this it is ſhewn, from the proportion of the 
equatorial diameter of the earth to its axis, how the fame: 
may be determined of any other planet, whoſe denſity in 


Newton Princ. Lib. III prop. 19. 
compariſor 


Cuap. 6. PHILOSOPHY. 301 


compariſon of the denſity of the earth, and the time of its 
revolution about its axis, are known. And by the rule de- 
livered for this, it is found, that the diameter of the equa- 
tor in jupiter ſhould bear to its axis about the proportion 
of Io to 9 and accordingly this planet appears of an oval 
form to the aſtronomers. The moſt conſiderable et- 
fects of this ſpheroidical figure our author takes likewiſe 
into conſideration ; one of which is that bodies are not equal- 
ly heavy in all diſtances from the poles; but near the equa- 
tor, where the diſtance from the center is greateſt, they are 
lighter than towards the poles: and nearly in this proportion, 
that the actual power, by which they are drawn to the center, 
reſulting from the difference between their abſolute gravity 
and centrifugal force, is reciprocally as the diſtance from 
the center. That this may not appear to contradict what 
has before been ſaid of the alteration of the power of gravi- 
ty, in proportion to the change of the diſtance from the cen- 
ter, it is proper carefully to remark, that our author has 
demonſtrated three things relating hereto : the farſt is, that 
decreaſe of the power of gravity as we recede from the 
center, which has been fully explained in the laſt chapter, 
upon ſuppoſition that the earth and planets are perfect 
ſpheres, from. which their difterence is by many degrees too 
little to require notice for the purpoſes there intended: the 
next is, that whether they be perfect ſpheres, or exactly ſuch 
ſpheroids as have now been mentioned, the power of. gra- 
vity, as we deſcend in the fame line to the center, is at all 
diſtances as the diſtance from the center, the parts of the 


» Lib. III prop. 19. : 
earth 
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earth above the body by drawing the body towards them 


leſſening its gravitation towards the center *; and both 
theſe aſſertions relate to gravity alone: the third is what 
we mentioned in this place, that the actual force on different 
parts of the ſurface, with which bodies are drawn to the 
center, is in the proportion here aſligned ®. 


38. Tux next effect of this figure of the earth is an 
obvious conſequence of the former: that pendulums of 
the fame length do not in different diſtances from the pole 
make their vibrations in the ſame time ; but towards the poles, 
where the gravity is ſtrongeſt, they move quicker than near 
the equator, where they are leſs impelled to the center; and 
accordingly pendulums, that meaſure the ſame time by their 
vibrations, muſt be ſhorter near the poles than at a greater 
diſtance. Both which deductions are found true in fact; of 
which our author has recounted particularly ſeveral experi- 
ments, in which it was found, that clocks exactly adjuſted to 
the true meaſure of time at Paris, when tranſported nearer to 
the equator, became erroneous and moved too {low, but were 
reduced to their true motion by contracting their pendulums, 
Our author is particular in remarking, how much they loſt of 
their motion, while the pendulums remained unaltered ; and 
what length the obſervers are ſaid to have ſhortened them, to 
bring them to time. And the experiments, which appear 
to be moſt carcfully made, ſhew the earth to be raiſed in 
the middle between the poles, as much as our author found 
it by his computation ©. 


2 Lib. I. prop. 73. * Lib, III. prop. 20. © Tbid. 
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39. TRxESE experiments on the pendulum our author 
has been very exact in examining, inquiring particularly 
how much the extenſion of the rod of the pendulum by 
the great heats in the torrid zone might make it neceſſary 
to ſhorten it. For by an experiment made by Picaxr, and 
another made by Dx LA Hizs, heat, though not very intenſe, 
was found to increaſe the length of rods of iron. The ex- 
periment of Picaxr was made with a rod one foot long, 
which in winter, at the time of froſt, was found to increaſe. 
in length by being heated at the fire. In the experiment 
of DE La HIRE a rod of fix foot in length was found, 
when heated by the ſummer ſun only, to grow to a greater 
length, than it had in the aforeſaid cold ſeaſon. From which 
obſervations a doubt has been raiſed, whether the rod of the 
pendulums in the aforementioned experiments was not 
extended by the heat of thoſe warm climates to all that 
excels of length, the obſervers found themſelves obliged 
to leſſen them by. But the experiments now mentioned 
ſhew the contrary. For in the firſt of them the rod of a 
foot long was lengthened no more than = part of what the 
pendulum under the equator muſt be diminiſhed ; and there- 
fore a rod of the length of the pendulum would not have 


been extended above ; of that length. In the experiment 
of Dt La HE, where the heat was leſs, the rod of fix foot 
long was extended no more than 3 of what the pendulum 
muſt be ſhortened ; fo that a rod of the gen of the pen- 
dulum would not n gained above ; or + of that length. 
And the heatin this latter experiment, though leſs than in the 
former, was yet greater than the rod of a pendulum can or- 


dinarily. 
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dinarily contract in the hotteſt country; for metals receive a 
great heat when expoſed to the open ſun, certainly much 
greater than that of a human body. But pendulums are not 
uſually ſo expoſed, and without doubt in theſe experiments 


were kept cool enough to appear ſo to the touch; which they 
would do in the hotteſt place, if lodged in the ſhade. Our 


author therefore thinks it enough to allow about = of the 
difference obſerved upon account of the greater warmth of 


the pendulum. 


40. THERE is a third effect, which the water has on the 
earth by changing its figure, that is taken notice of by 
our author; for the explaining of which we ſhall firſt prove, 
that bodies deſcend perpendicularly to the ſurface of the 
earth in all places. The manner of collecting this from ob- 
ſervation, is as follows. The ſurfaces of all fluids reſt paral- 
lel to that part of the ſurface of the ſea, which is in the ſame 
place with them, to the figure of which, as has been parti- 
cularly ſhewn, the figure of the whole earth is formed. For 
if any hollow veſſel, open at the bottom, be immerſed into 
the ſea; it is evident, that the ſurface of the ſea within the 
veſſel will retain the ſame figure it had, before the veſſel 
incloſed it; ſince its communication with the external water 
is not cut off by the veſſel. But all the parts of the water 
being at reſt, it is as clear, that if the bottom of the veſſel 
were cloſed, the figure of the water could receive no change 
thereby, even though the veſſel were raiſed out of the 
ſea; any more than from the inſenſible alteration of the 
power of gravity, conſequent upon the augmentation of 


the 
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the diſtance from the center. But now it is clear, that bodies 
deſcend in lines perpendicular to the ſurfaces of quieſcent flu- 
ids; for if the power of gravity did not act perpendicular- 
ly to the ſurface of fluids, bodies which ſwim on them 
could not reſt, as they are ſeen to do; becauſe, if the power 
of gravity drew ſuch bodies in a direction oblique to the 
ſurface whereon they lay, they would certainly be put in 
motion, and be carried to the ſide of the veſſel, in which 
the fluid was contained, that way the action of gravity in- 
clined. 


41. HEN cx it follows, that as we ſtand, our bodies are 
perpendicular to the ſurface of the earth. Therefore in 
going from north to ſouth our bodies do not keep in a 
parallel direction. Now in all diſtances from the pole the 
ſame length gone on the earth will not make the fame 
change in the poſition of our bodies „but the nearer we 
are to the poles, we muſt go a greater length to cauſe the 
ſame variation herein. Let MILK (in fig. 115) repreſent 
the figure of the earth, M, L the poles, I, K two op- 
poſite points in the middle between theſe poles. Let TV 
and PO be two arches, IV being moſt remote from the pole 
L; draw TW, VX, PQ, OR, each perpendicular to the 
Sabie of the earth, and let TW, VX meet in Y, and 
PQ, OR in 8. Here it is evident, that in paſſing from V to 
the poſition. of a man's body would be changed by the 
angle under T VV, for at V he would ſtand in the line V 
continued upward, and at T in the line YT; but in paſſing 


from O to P the poſition of his body would be changed by 
Rr the 


Book II. 


the angle under OSP. Now I ſay, if theſe two angles are 


equal the arch OP is longer than TV: for the figure MILK 
being oblong, and IK longer than ML, the figure will be 


more incurvated toward I than toward L; fo that the lines 
TW and VX will meet in Y before they are drawn out to 
ſo great a length as the lines PQ and OR muſt be continued 
to, before they will meet in S. Since therefore YT and 
XV are ſhorter than PS and 8 V, TV muſt be leſs than OP. 
If theſe angles under TYV and OSP are each £ part of 
the angle made by a perpendicular line, they are ſaid each 
to contain one degree. And the unequal length of theſe 
arches OP and V T gives occaſion to the aſſertion, that in 
paſſing from north to ſouth the degrees on the earth's ſur- 
face are not of an equal length, but thoſe near the pole 
longer than thoſe toward the equator. For the length of 
the arch on the earth lying between the two perpendiculars, 
which make an angle of a degree with each other, is 
called the length of a degree on the earth's ſurface. 
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432. Tus figure of the earth has ſome effect on eclipſes. 
It has been obſerved above, that ſometimes the nodes of the 
moon's orbit lie in a ſtraight line drawn from the fun to 
the earth; in which caſe the moon will croſs the plane of 
the carth's motion at the new and full. But whenever the 
moon paſſes near the plane at the full, ſome part of the 
earth will intercept the ſun's light, and the moon ſhining 
only with light borrow'd from the fun, when that light is 
prevented from falling on any part of the moon, ſo much 
of her body will be darkened. Alſo when the moon at the 


new 
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new is near the plane of the earth's motion, the inhabitants 
on ſome part of the earth will ſee the moon come under 
the ſun, and the ſun thereby be covered from them either 
wholly or in part. Now the figure, which we have ſhewn 
to belong to the earth, will occaſion the ſhadow of the 
earth on the moon not to be perfectly round, but cauſe the 
diameter from eaſt to weſt to be ſomewhat longer than the 
diameter from north to ſouth. In eclipſes of the ſun this 
figure of the earth will make ſome little difference in the 
place, where the ſun ſhall appear wholly or in any given 
part covered. Let ABCD (in fig. 118.) repreſent the earth, 
AC the axis whereon it turns daily, E the center. Let FAGC 
repreſent a perfect globe inſcribed within the earth. Let HI 
be a line drawn through the centers of the fun and moon, croſ- 
ſing the ſurface of the earth in K, and the ſurface of the 
globe inſcribed in L. Draw EL, which will be perpendicular 
to the ſurface of the globe in L: and draw likewiſe K M, 
fo that it ſhall be perpendicular to the ſurface of the earth 
in K. Now whereas the eclipſe would appear central at L, 
if the earth were the globe AGCF, and does really appear 
ſo at K; I ſay, the latitude of the place K on the real earth 
is different from the latitude of the place L on the globe 
FAG C. What is called the latitude of any place is determined 
by the angle which the line perpendicular to the ſurface of 
the earth at that place makes with the axis; the difference 
between this angle, and that made by a perpendicular line or 
ſquare being called the latitude of each place. But it might 
here be proved, that the angle which K M makes with MC 
is leſs, than the angle made between LE. and EC: conſe- 

Rr 3 quently 
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quently the latitude of the place K is greater, than the la- 
titude, which the place L would have. 


43. Tns next effect, which follows from this figure of 
the earth, is that gradual change in- the diftance of the fix- 
ed ſtars from the equinoctial points, which aſtronomers ob- 
ſerve. But before this can be explained, it is neceſſary to 
fay fomething more particular, than has yet been done, 
concerning the manner of the earth's motion round the ſun. 


44. Ir has already been faid, that the earth turns round 
each day on its own axis, while its whole body is carried 
round the fun once in a year. How theſe two motions 
are Joined together may be conceived in ſome degree by 
the motion of a bowl on the ground, where the bowl in 
rouling on continually turns upon its axis, and at the fame 
time the whole body thereof is carried ſtraight on. But 
to be more expreſs let A (in fig. 119) repreſent the ſun 
BCDE four different fituations of the earth in its orbit 
moving about the fun. In all theſe let FG repreſent the 
axis, about which the earth daily turns. The points F,G 
are called the poles of the earth; and this axis is ſuppo- 
ſed to keep always parallel to it GIF in every ſituation of 
the earth; at leaſt that it would do ſo, were it not for a 
minute deviations the cauſe whereof will be explained in 
what follows. When the earth is in B, the half HIK will 
be illuminated by the fun, and the other half HLK will 
bein darkneſs. Now if on the globe any point be taken 


in 
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in the middle between the poles, this point ſhall deſcribe 
by the motion of the globe the circle MN, half of which 
is in the enlightened part of the globe, and half in the 
dark part. But the earth is ſuppoſed to move round its axis 
with an equable motion; therefore on this point of the 
globe the fun will be ſeen juſt half the day, and be invifi- 
ble the other half. And the ſame will happen to every 
point of this circle, in all ſituations of the earth during its. 
whole revolution round the fun, This circle MN is called 
the equator, of which we have before made mention. 


45. Now ſuppoſe any other point taken on the furface: 
of the globe toward the pole E, which in the diurnal re- 
volution of the globe ſhall deſcribe the circle OP: Here 
it appears that more than half this circle is enlightned by 


the ſun, and conſequently that in any particular point of 


this circle the fun will be longer ſeen than lie hid, that is: 
the day will be longer than the night. Again if we con- 
fider the fame circle OP on the globe fituated in D the op- 
poſite part of the orbit from B, we ſhall ſee, that here in 
any place of this circle the night will be as much —_ 


than the day. 


46. In theſe fituations of the PO of Oe. a line 
drawn from the ſun to the center of the earth will be 
obliquely inclined toward the axis FG. Now ſuppoſe, that 
fach a line drawn from the ſun to the center of the earth, 
when in C or E, would be perpendicular to the axis FG; 


UB 
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in which caſes the ſun will ſhine perpendicularly upon the 
equator, and conſequently the line drawn from the center 
of the earth to the ſun will croſs the equator, as it pafles 
through the ſurface of the earth ; whereas in all other fitu- 
ations of the globe this line will paſs through the ſurface 
of the globe at a diſtance from the equator either north- 
ward or ſouthward. Now in both theſe caſes. half the cir- 
cle OP will be in the light, and half in the dark; and there- 
fore to every place in this circle the day will be equal 
to the night. Thus it appears, that in theſe two oppoſite - 
ſituations of the earth the day is equal to the night in all 
parts of the globe; but in all other ſituations this equality 
will only be found in places ſituated in the very middle 
between the poles, that is, on the equator. 


47. TRR times, wherein this uniyerſal equality between 
the day and night happens, are called the equinoxes. Now 
it has been long obſerved by aſtronomers, that after the 
earth hath ſet out from either equinox, ſuppoſe from E 
(which will be the ſpring equinox, if F be the north pole) 
the ſame equinox ſhall again return a little before the earth 
has made a compleat revolution round the ſun. This re- 
turn of the equinox preceding the intire revolution of the 
earth is called the preceſſion of the equinox, and is cauſed 
by the protuberant r of the earth. 


48. Sire the ſun ſhines ae upon the e- 
2 quator „when the line drawn from the ſun to the center 


4 the earth is perpendicular to the earth's axis, in this caſe 
y the 
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the plane, which ſhould cut through the earth at the e- 
quator, may be extended to paſs through the ſun; but it 
will not do fo in any other poſition of the earth. Now 
let us conſider the prominent part of the earth about the 
cquator, as a ſolid ring moving with the earth round the 
ſun, At the time of the equinoxes, this ring will have 
the ſame kind of fituation in reſpect of the ſun, as the 
orbit of the moon has, when the line of the nodes is di- 
rected to the ſun; and at all other times will reſemble the 
moon's orbit in other ſituations. Conſequently this ring, 
which otherwiſe would keep throughout its motion paral- 
lel to it ſelf, will receive ſome change in its poſition from 
the action of the ſun upon it, except only at the time of 
the equinox. The manner of this change may be under- 
ſtood as follows. Let ABCD (in fig. 120) repreſent this ring, 
E the center of the earth, S the ſun, AFCG a circle de- 
ſcribed in the plane of the earth's motion to the center E. 
Here A and C are the two points, in which the earth's e- 
quator croſſes the plane of the earths motion; and the time 
of the equinox-falls out, when the ſtraight line AC con- 
tinued would paſs through the ſun. Now let us recollect 
what was ſaid above concerning the moon, when her or- 
bit was in the ſame fituation with this ring. From thence 
it will be underſtood, if a body were ſuppoſed to be mo- 
ving in any part of this circle A B CD, what effect the acti- 
on of the fun on the body would have toward changing 
the poſition of the line AC. In particular HI being drawn: 
perpendicular to 8 E, if the body be in any part of this. 
circle between A and H, or between C and 1, the line AC. 

3 would; 
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would be ſo turned, that the point A fhall move toward B, 
and the point C toward D but if it were in any other part 
of the circle, either between H and C, or between I and A, 
the line AC would be turned the contrary way. Hence 
it follows, that as this ſolid ring turns round the center 
of the earth, the parts of this ring between A and H, and 


between C and J, are ſo influenced by the ſun, that they 


will endeavour, fo to change the ſituation of the line AC 
as to cauſe the point A to move toward B, and the point 
C to move toward D; but all the parts of the ring between 
H and C, and between I and A, will have the oppoſite 


tendency, and diſpoſe the line AC to move the contrary 
way. And fince theſe laſt named parts are larger than 


the other, they will prevail over the other, ſo that by the 
action of the ſun upon this ring, the line AC will be fo 
turned, that A ſhall continually be more and more moving 
toward D, and C toward B. Thus no ſooner ſhall the 
ſun in its viſible motion have departed from A, but the mo- 
tion of the line AC ſhall haſten its meeting with C, and 
from thence the motion of this line ſhall again haſten the 
ſun's ſecond conjunction with A; for as this line ſo turns, 
that A is continually moving toward D, ſo the ſun's viſible 
motion is the ſame way as from 8 toward T. 


49. THz moon will have on this ring the like effect as 
the ſun, and operate on it more ſtrongly, in the ſame pro- 
portion as its force on the ſea exceeded that of the ſun on the 
fame. But the effect of the action of both luminaries will 
be greatly diminiſhed by reaſon of this ring's being connect- 

ed 
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ed to the reſt of the earth; for by this means the ſun and 


moon have not only this ring to move, but likewiſe the 
whole globe of the earth, upon whoſe ſpherical part they have 
no immediate influence. Beſide the effect is alſo rendred 
leſs, by reaſon that the prominent part of the earth is not 
collected all under the equator, but ſpreads gradually from 
thence toward both poles. Upon the whole, though the 
ſun alone carries the nodes of the moon through an intire 
revolution in about 19 years, the united force of both lu- 
minaries on the prominent parts of the earth will hardly 
carry round the equinox in a leſs ſpace of time than 26000 


years. 


yo. To this motion of the equinox we muſt add ano- 
ther conſequence of this action of the ſun and moon up- 
on the elevated parts of the earth, that this annular part of the 
earth about the equator, and conſequently the earth's axis, 
will twice a year and twice a month change its inclination 
to the plane of the earth's motion, and be again reſtored, 
juſt as the inclination of the moon's orbit by the action of 
the ſun is annually twice diminiſhed, and as often recovers its 
original magnitude. But this change is very inſenſible. 


FI. I ſhall now finiſh the preſent chapter*with our great 
author's inquiry into the figure of the ſecondary planets, par- 
ticularly of our moon, upon the figure of which its fluid 
parts will have an influence. The moon turns always the 
lame fide towards the earth, and conſequently revolyes 
but once round its axis in the ſpace of an entire month; 
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for a ſpectator placed without the circle, in which the moon 
moves, would in that time obſerve all the parts of the moon 
ſucceſſively to paſs once before his view and no more, that 
is, that the whole globe of the moon has turned once round. 
Now the great ſlowneſs of this motion will render the cen- 
trifugal force of the parts of the waters very weak, fo that 
the figure of the moon cannot, as in the earth, be much af- 
fected by this revolution upon its axis: but the figure of thoſe 
waters are made different from ſpherical by another cauſe, 
viz. the action of the earth upon them; by which they will 
be reduced to an oblong oval form, whoſe axis prolonged 
would paſs through the earth; for the ſame reaſon, as we 
have above obſerved, that the waters of the earth would 

take the like figure, if they had moved ſo ſlowly, as to keep 
pace with the moon. And the ſolid part of the moon muſt 
correſpond with this figure of the fluid part: but this ele- 
vation of the parts of the moon is nothing near ſo great as 
is the protuberance of the earth at the equator, for it will not 
exceed 93 engliſh. feet. 


52. Tx waters of the moon will have no tide, except. 
what will ariſe from the motion of the moon round the 
earth. For the converſion of the moon about her axis is e- 
quable, whereby the inequality in the motion round the: 
earth diſcovers to us at ſome times ſmall parts of the moon's 
furface towards the eaſt or weſt, which at other times lie 
hid; and as the axis, whereon the moon turns, is oblique to 
her motion round the earth, lometimes {mall parts of her 

ſurface 
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ſurface toward the north, and ſometimes the like toward 
the ſouth are viſible, which at other times are out of fight- 
Theſe appearances make what is called the libration of the 
moon, diſcovered by HzeveLius. But now as the aws of 
the oval figure of the waters will be pointed towards the 
earth, there muſt ariſe from hence ſome fluctuation in them; 
and beſide, by the change of the moon's diſtance from the 
earth, they will not always have the very fame height. 
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Concerning the cauſe of COLOURS inhe- 
Feat in the LIGHT. 


= F TER this view which has been taken 

of Sir Is AA Newron's mathema- 
WW tical principles of philoſophy, and the 
- uſe he has made of them, in explain- 

ing the ſyſtem of the world, &c. the 
- courſe of my deſign directs us to turn 
our eyes to that other philoſophical 
work, his treatiſe of Optics, in which we ſhall find our great 


author's inimitable genius diſcovering it {elf no leſs, than in 
the 
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the former; nay perhaps even more, ſince this work gives 
as many inſtances of his ſingular force of reaſoning, and 
of his unbounded invention, though unaſſiſted in great 
meaſure by thoſe rules and general precepts, which facili- 
tate the invention of mathematical. theorems, Nor yet is 
this work inferior to the other in uſefulneſs; for as that 
has made known to us one great principle in nature, by 
which the celeſtial motions are continued, and by which 
the frame of each globe is preſerved; ſo does this point out 
to us another principle no lefs univerſal, upon which de- 
pends all thoſe operations in the ſmaller parts of matter, 
for whoſe fake the greater frame of the univerſe is erected ; 
all thoſe immenſe globes, with which the whole heavens are 
filled, being without doubt only deſign'd as ſo many con- 
venient apartments for carrying on the more noble opera- 
tions of nature in vegetation and animal life. Which fin- 
gle conſideration gives abundant proof of the excellency of 
our author's choice, in applying himſelf carefully to ex- 
amine the action between light and bodies, ſo neceſſary 
in all the varieties of theſe productions, that none of them 
can be ſucceſsfully promoted without the concurrence of 


heat in a greater or leſs degree. 


'Tis tre, our author has not made fo full a diſcovery 
of el principle, by which this mutual action between light 
and bodies is cauſed ; as he has in relation to the power, by 
which the planets are kept in their courſes: yet he has led 
us to the very entrance upon it, and pointed out the path 
ſo plainly which muſt be followed to reach it; that one may 
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be bold to ſay, whenever mankind ſhall be bleſſed with this 
improvement of their knowledge, it will be derived ſo di- 
realy from the principles laid down by our author in this 
book, that the greateſt ſhare of the praiſe due to the diſ- 
covery will belong to him. 


3. In ſpeaking of the progreſs our author has made, 
T ſhall diſtinaly purſue three things, the two firſt relating 
to the colours of natural bodies : for in the firſt head ſhall 
be ſhewn, how thoſe colours are derived from the proper- 
ties of the light itſelf ; and in the ſecond upon what 
properties of the bodies they depend : but the third head 
of my diſcourſe ſhall treat of the action of bodies upon 
light in refracting, reflecting, and inflecting it. 


4. Tux firſt of theſe, which ſhall be the buſineſs of 
the preſent chapter, is contained in this one propoſition : that 
the ſun's direct light is not uniform in reſpect of colour, not 
being diſpoſed in every part of it to excite the idea of white- 
neſs, which the whole raiſes ; but on the contrary is a com- 
poſition of different kinds of rays, one fort of which if a- 

lone would give the ſenſe of red, another of orange, a 
third of yellow, a fourth of green, a fifth of light blue, 
a ſixth of indigo, and a ſeventh of a violet purple; that 
all theſe rays together by the mixture of their ſenſations 
impreſs upon the organ of fight the ſenſe of whiteneſs, 
though each ray always imprints there its own colour; and 
all the difference between the colours of bodies when view- 
cd in open day light ariſes from this, that coloured bodies 
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do not reflect all the ſorts of rays falling upon them in e- 
qual plenty, but ſome forts much more copiouſly than o- 
thers; the body appearing of that colour, of which the 
light coming from it is moſt compoſed. 


5. THrar the light of the ſun is compounded, as has been 
ſaid, is proved by refracting it with a priſm. By a priſm I here 
mean a glaſs or other body of a triangular form, ſuch as is re- 
preſented in fig. 121. But before we proceed to the illuſtration. 
of the propoſition we have juſt now laid down, it will be ne- 
ceſſary to ſpend a few words in explaining what is meant by 
the refraction of light; as the deſign of our preſent labour is 
to give ſome notion of the ſubject, we are engaged i 2 to 

ſuch as are not verſed in the mathematics, 


6. IT is well known, that when a ray of light paſſing 
through the air falls obliquely upon the ſurface of any tranſ- 
parent body, ſuppoſe water or glaſs, and entersit, the ray 
will not paſs on in that body in the fame line it deſcribed 
through the air, but be turned off from the ſurface, fo 
as to be leſs inclined to it after paſſing it, than before. Let. 
ABCD (in fig. 122.) repreſent. a portion of water, or glaſs, 
AB the ſurface of it, upon which the ray of light EF falls. 
obliquely; this ray ſhall not go right on in the courſe de- 
lineated by the line FG, but be turned off from the. ſur- 
face AB into the line FH, leſs inclined to the ſurface AB. 


than the line EF is, in which the ray is incident — that 
ſurface. 


* | 
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7. O the other hand, when the light paſſes out of a- 
ny ſuch body into the air, it is inflected the contrary way, 
being after its emergence rendred more oblique to the ſur- 
face it paſſes through, than before. Thus the ray FH, when 
it goes out of the ſurface CD, will be turned up towards 
that ſurface, going out into the air in the line HI. 


8. THr1s turning of the light out of its way, as it paſſes 
from one tranſparent body into another is called its refraction. 
Both theſe caſes may be tried by an eaſy experiment with 
a baſon and water. For the firſt caſe ſet an empty baſon 
in the ſunſhine or near a candle, making a mark upon 
the bottom at the extremity of the ſhadow caſt by the brim 
of the baſon, then by pouring water into the baſon you 
will obſerve the ſhadow to ſhrink, and leave the bottom 
of the baſon enlightned to a good diſtance from the mark. 
Let ABC (in fig. 123.) denote the empty baſon, EAD the 
light ſhining over the brim of it, ſo that all the part ABD 
be ſhaded. Then a mark being made at D, if water be 
poured into the baſon (as in fig. 1 24.) to FG, you ſhall ob- 
ſerve the light, which before went on to D, now to come 
much ſhort of the mark D, falling on the bottom in the 
point H, and leaving the mark D a good way within the 
enlightened part; which ſhews that the ray EA, when it 
enters the water at I, goes no longer ſtraight forwards, but 
is at that place incurvated, and made to go nearer tha 
perpendicular. The other caſe may be tryed by putting 
any ſmall body into an empty baſon, placed lower than your 
eye, and then receding from the baſon, till you can but juſt 

5 ſee 
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ſee the body over the brim. After which, if the baſon be 
filled with water, you ſhall preſently obſerve the body to be 
viſible, though you go farther off from the baſon. Let 
ABC (in fig. 1 25.) denote the baſon as before, D the body 
in it, E the place of your eye, when the body is ſeen juſt 
over the edge A, while the baſon is empty. If it be then 
filled with water, you will obſerve the body till to be viſible, 
though you take your eye farther off. Suppoſe you ſee 
the body in this caſe juſt over the brim A, when your eye 
is at F, it is plain that the rays of light, which come from 
the body to your eye have not come ſtraight on, but are 
bent at A, being turned downwards, and more inclined to 
the ſurface of the water, between A and your eye at F, 
than they are between A and the body D. 


9. Tuts we hope is ſufficient to make all our readers 
apprehend, what the writers of optics mean, when they 
mention the refraction of the light, or ſpeak of the rays of 
light being refracted. We ſhall therefore now goon to prove 
the aſſertion advanced in the forementioned propofition, in 
relation to the different kinds of colours, that the direct light 


of the ſun exhibits to our ſenſe: which may be done in 
the following manner. K 


Io. Ir a room be darkened, and the ſun permitted to 
ſhine into it through a ſmall hole in the window ſhutter, and 
be made immediately to fall upon a glaſs priſm, the beam of 


light ſhall in paſſing through ſuch a priſm be parted into rays, 
which exhybit all the forementioned colours. In this man- 


1 | ner 
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ner if AB (in fig. 126) repreſent the window ſhutter; C the 
hole in it; DEF the priſm; Z V a beam of light coming 
from the ſun, which paſſes through the hole, — falls up- 


on the priſm at Y, and if the priſm were removed would 


go on to X, but in entring the ſurface BF of the glaſs it 
ſhall be turned off, as has heen explained, into the courſe v W 


falling upon the ſecond ſurface of the priſm DF in W, 
going out of which into the air it ſhall. bs? again farther in- 
flected. Let the light now, after it has paſſed the priſm, be 
received u pon a ſheet of paper held at a proper diſtance, 
and it ſhall paint upon the paper the picture, image, or ſpect- 
rum LM of an oblong figure, whoſe length ſhall much ex- 
ceed its breadth ; though: the figure, ſhall not be. oval; the 
ends I. and M helng: ſemicircular and the ſides Araight, 
But now this figure will be variegated with colours in this 
manner. From the extremity M to ſome length, ſuppoſe 
to the line uo, it ſhall be of an intenſe; red; from 20 to 
Pq it. ſhall be an orange; from pq to v it ſhall be ye 
low; from thence to Tu it ſhall be green; from thence to 
W x blue; from thence to , 2 Wau and from thence 
to the end violet. * | 


— 


11. Ta nus it appears chat the fun J hin ks by its * 
fage through the priſm, is ſo changed as now to be divi- 
ded into rays, which exhibit all theſe ſeveral colours. The 
queſtion i is, whether the rays while in the ſun's beam be- 
fore this refraction poſſeſſed theſe properties diſtinctly; ſo 
that ſome part of that beam would without the reſt have 
giyen a red colour, and anouer part alone have given an 


orange, 
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orange, &c. That this is poſſible to be the caſe, appears from 
hence; that if a convex glaſs be placed between the paper 
and the priſm, which may collect all the rays proceeding 
out of the priſm into its focus, as a burning glaſs does the 
ſun's dire& rays; and if that focus fall upon the paper, the 
ſpot formed by ſuch a glaſs upon the paper ſhall appear 
white, juſt like the ſun's direct light, The reſt remaining 
as before, let PQ (in fig. 127.) be the convex glaſs, cau- 
ſing the rays to meet upon the paper HGIK in the point 
N, I fay that point or rather ſpot of light ſhall appear white, 
without the leaſt tincture of any colour. But it is evident 
that into this ſpot are now gathered all thoſe rays, which be- 


fore when ſeparate gave all thoſe different colours ; which 


ſhews that whiteneſs may be made. by mixing thoſe colours : 
eſpecially if we conſider, it can be proved that the glaſs 
PQ does not alter the colour of the rays which paſs 
through it. Which is done thus: if the paper be made 
to approach the glaſs PQ, the colours will manifeſt them- 
ſelves as far as the magnitude of the ſpectrum, which the 
paper receives, will permit. Suppoſe it in the ſituation hg zk, 
and that it then receive the ſpectrum Im, this ſpectrum 
ſhall be much ſmaller, than if the glaſs. PQ were removed, 
and therefore the colours cannot be ſo much ſeparated ; but 
yet the extremity mn ſhall manifeſtly appear red, and 
the other extremity / ſhall be blue; and theſe colours as 
well as the intermediate ones ſhall diſcover themſelves more 
perfedtly , the farther the paper is removed from N, that 
is, the larger the ſpectrum is: the fame thing happens, if 
the [2 be removed farther: off from PQ than N. Sup- 
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poſe into the poſition nxñ the ſpectrum a painted upon it 
ſhall : again diſcover i its colours, and that more diſtinctly, the 
farther the paper is removed, but only in an inverted or- 
der: for as before, when dee paper was nearer the con- 
vex glaſs, than at N, the upper part of the image was 
blue, and the under red; now the upper part ſhall be red, 
and the under blue: becauſe the rays crols at N. 


12. Nav farther that the whiteneſs at the focus N, is made 
by the union of the colours may be proved without re- 
moving the paper out of the focus, by intercepting with 
any opake body part of the light near the glaſs; for if the 
under part, that is the red, or more properly the red-making 
rays, as they are ſtyled by our author, are intercepted, the 
ſpot ſhall take a bluiſh hue; and if more of the inferior 
rays are cut off, ſo that neither the red- making nor orange- 
making rays, and if you pleaſe the yellow-making rays like- 

wiſe, ſhall fall upon the ſpot; then ſhall the ſpot incline more- 
and more to the remaining colours. In like manner if you 
cut off the upper part of the rays, that is the violet coloured 
orindigo-making rays, the ſpot ſhall turn reddiſh, and become. 
more ſo, the more of thoſe oppoſite colours are intercepted 


13. This think abundantly proves that whiteneſs may 
be produced by a mixture of all the colours of the ſpec- 
trum. At leaſt there is but one way of evading the pre- 
ſent arguments, which is, by aſſerting that the rays c of light 
after paſſing the priſm have no different properties to ex- 
hibit this or the other n but are in that * * 

— fectly 
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fealy homogeneal, ſo that the rays which paſs to the un- 


der and red part of the image do not differ in any pro- 
perties whatever from thoſe, which go to the upper and 
violet part of it; but that the colours of the ſpectrum are 
produced only by ſome new moditications of. the rays, made 
at their incidence upon the paper by the different termi- 
nations of light and ſhadow: if indeed this aſſertion can 
be allowed any place, after what has been faid ; for it ſeems 
to be ſufficiently obviated by the latter part of the pre- 
ceding experiment, that by intercepting the inferior part 
of the light, which comes from the priſm, the white ſpot 
ſhall receive a bluiſh caſt, and by ſtopping the upper part the 
ſpot ſhall turn red, and in both caſes recover its colour, when 
the intercepted light is permitted to paſs again z though 
in all theſe trials there is the like termination of light and 
ſhadow. However our author has contrived ſome experi- 

ments expreſly to ſhew the abſurdity of this ſuppoſition ; 3 
all which he has explained and enlarged upon in ſo diſ- 
tinct and expreſſive a manner, that it would be wholly un- 
neceſſary to repeat them in this place *. I ſhall only men- 
tion that of them, which may be tried in the experiment 
before us. If you draw upon the paper HG IK, and through 
the ſpot N, the ſtraight line wx parallel to the horizon, 
and then if the paper be much inclined into the ſituation 
St the line 2x ſtill remaining parallel to the horizon, 
the ſpot N ſhall loſe its whiteneſs and receive a blue tin- 
cure ; but if it be inclined as much the contrary way, the 
fame ſpot ſhall exchange its white colour for a reddiſh dye. 


* Opt. B. I. part 2. prop. 2. 


All 
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All which can never be accounted for by any difference in 
the termination of the light and ſhadow, which here is 
none at all; but are eaſily explained by ſuppoſing the upper 

part of the rays, whenever they enter the eye, difpoſed 
to give the ſenſation of the dark colours blue, indigo and 
violet; and that the under part is fitted to produce- the 
bright colours yellow, orange and red : for when the paper 
is in the ſituation 7574, it is plain that the upper part of 
the light falls more ditectly upon it, than the under part, 
and therefore thoſe rays will be moſt plentifully reflected 
from it; and by their abounding in the reflected light will 
cauſe it to incline to their colour. Juſt ſo when the-paper 
is inclined the contrary way, it will receive the inferior rays 
moſt directly, and therefore ting the ri it reflects with their 


colour. | 


RS + © Ir u bor 1 be proved that theſe dif * of the 
rays of light to produce ſome one colour and ſome another, 
which manifeſt themſelves after their being refracted, are not 
wrought by any action of the priſm upon them, but are 
originally inherent in thoſe rays ; and that the priſm: only 
affords each ſpecies an occaſion of ſhewing its diſtinct qua- 
lity by ſeparating them one from another, which before, 
while they were blended together in the direct beam of the 
ſun's light, lay conceal'd; But that this is ſo, will be pro- 
ved, if it can be ſhewn that no priſm has any power upon 
the rays, which after their paſſage through one priſm are 


rendered uncompounded and contain in them but one co- 


Jour, either to divide that colour into ſeveral, as the ſun's 
light 
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light is divided, or ſo much as to change it into any other 
colour. This will be proved by the following experiment *. 
The ſame thing remaining, as in the firſt experiment, let 
another priſm N O (in fig. 1 28.) be placed either immedi- 
ately, or at ſome diſtance after the firſt, in a perpendicular 
poſture, ſo that it ſhall refract the rays iſſuing from the 
firſt ſideways. Now if this priſm could divide the light 
falling upon it into coloured rays, as the firſt has done, it 
would divide the ſpectrum breadthwiſe into colours, as 
before it was divided lengthwiſe; but no ſuch thing is ob- 
ſerved. If LM were the ſpectrum, which the firſt priſm: 
DEF would paint upon the paper HGIK; PQ lying in 
an oblique poſture ſhall be the ſpectrum projected by the 
ſecond, and ſhall be divided lengthwiſe into colours cor- 

reſponding to the colours of the ſpectrum LM, and occa- 
ſioned like them by the refraction of the firſt priſm, but 
its breadth ſhall receive no ſuch diviſion; on the contrary 
each colour ſhall be uniform from fide to fide, as. much- 
as in the ſpectrum LM, which proves the whole aſſertion. 


15. Tur fame is yet much farther confirmed by ano- 
ther experiment. Our author teaches that the colours of 
the ſpectrum LM in the firſt experiment are yet compound- 
ed, though not ſo much as in the ſun's direct light. He 
ſhews therefore how, by placing the priſm at a diſtance from | 
the hole, and by the uſe of a convex glaſs, to ſeparate the 
colours of the ſpectrum, and make them uncompounded 
to any degree of exactneſs. And he ſhews when thi; 


2 Newt, Opt. B. 1. part 1. experim. 5. b Ibid prop. 4. 4 
f 18 
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is done ſufficiently, if you make a ſmall hole in the paper 
whereon the ſpectrum is received, through which any one ſort 
of rays may paſs, and then let that coloured ray fall ſo upon a 
priſm, as to be refracted by it, it ſhall in no caſe whatever 


change its colour; but ſhall always retain it N as at 
firſt, however it be retracted *, | 


I 6 8 Ne ox yet will theſe lenny after this full ſeparation 
of them ſuffer any change by reflection from bodies of dif- 
ferent colours; on the other hand they make all bodies pla- 
ced in theſe colours appear of the colour which falls upon 
them ®: for minium in red light will appear as in open day 
light; but in yellow light will appear yellow; and which 
is more extraordinary, in green light will appear green, in blue, 
blue; and in the violet- purple coloured light will appear of a 
purple colour; in like manner verdigreaſe, or blue biſe, will 
put on the appearance of that colour, in which it is placed: 
ſo that neither biſe placed in the red light ſhall be able to 
give that light the leaſt blue tincture, or any other diffe- 
rent from red; nor ſhall minium in the indigo or violet 
light exhibit the leaſt appearance of red, or any other co- 
lour diſtinct from that it is placed in. The only difference 
is, that each of theſe bodies appears moſt luminous and bright 
in the colour, which correſponds with that it exhibits in 
the day light, and dimmeſt in the colours moſt remote from 
that; that is, though minium and biſe placed in blue light 
' thall both appear blue, yet the biſe ſhall appear of a bright 
blue, and the minium of a dusky and obſcure blue: but 


> Newt. Opt. B. I, part 2. exper. 5. b Ibid exper, 6, 
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if minium and biſe be compared together in red light, the 


minium ſhall afford a brisk red, the biſe a duller colour, 
though of the ſame ſpecies. 


17. AND this not only proves the immutability of all 
theſe ſimple and uncompounded colours; but likewiſe un- 
folds the whole myſtery, why bodies appear in open day- 
light of ſuch different colours, it conſiſting in nothing more 
than this, that whereas the white light of the day is com- 
poſed of all ſorts of colours, ſome bodies reflect the rays 
of one ſort in greater abundance than the rays of any other ?. 
Though it appears by the forecited experiment, that almoſt 
all theſe bodies reflect ſome portion of the rays of every 
colour, and give the ſenſe of particular colours only by the 
predominancy of ſome ſorts of rays above the reſt. And what 
has before been explained of compoſing white by mingling 


all the colours of the ſpectrum together ſhews clearly, that 


nothing more is required to make bodies look white, than 
a power to reflect indifferently rays of every colour. But 
this will more fully appear by the following method: if 
near the coloured ſpectrum in our firſt experiment a piece 
of white paper be ſo held, as to be illuminated equally by 
all the parts of that ſpectrum, it ſhall appear white; where- 
as if it be held nearer to the red end of the image, than to the 
other, it ſhall turn reddiſh; if nearer the blue end, it ſhall 
ſeem bluiſh ®. 


* Newton Opt. B. I. prop. 10. bd Dd enpeg. | 19930 
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18. Qu indefatigahle and circumſpe& author farther 
examined his theory by mixing the powders which paint- 
ers uſe of ſeveral colours, in order if poſſible to produee 
a white powder by ſuch a compoſition *. But in this he 
found' ſome difficulties for the following reaſons. Each 
of theſe coloured powders reffects but part of the light; which 
is caſt upon them; the red powders reffecting little green 
or blue, and the blue powders reflecting very little red or 
yellow, nor the green powders reflecting near ſa much of 
the red or indigo and purple, as of the other colours: and 
beſides, when any of theſe are examined in homogeneal light, 
as our author calls the colours of the priſm, when well ſe⸗ 
parated, though each appears more bright and luminous in 
its own day-liglit colour, than in any other; yet white bo- 
dies, ſuppoſe white paper for inſtance, in thoſe very colours. 
exceed theſe coloured bodies themſelves in brightneſs ;. fo 
that, white bodies refle& not only more of the whole light 
than coloured bodies do in the day-light, but even more 
of. that very colour which they reflect moſt copiouſſy. All 
which conſiderations make it manifeſt that a mixture of, theſe 
will not refle& ſo great a quantity of, liglit, as a white body of 
the ſame ſize; and therefore will compoſe ſuch Leeb as 
would reſult "ME a mixture of white and black, ſuch. as 


are all grey and dun colours, rather than a ſtrong white. 
Now ſuch a colour lie compounded of certain ingredients, 


which he particularly ſets down, in ſo much that when 2 
compoſition was ſtrongly illuminated by the ſun's direct 
beams, it would appear much whiter than even white pa- 


Newt. Opt. B. I. part 1, exp. 15. 


per, 


per, F conſiderably; ſhaded. Nay he found by trials how 
to proportion the degree of illumination of the mixture 
and paper, ſo that to a ſpectator at a proper diſtance it 
could not well be determined which was the more perfect 
Colour; as he experienced not only by himſelf, but by the 
concurrent opinion of a friend, Who chanced to viſit him 
while he was trying this experiment. I muſt not here o- 
mit another method of trying the whiteneſs of ſuch a mix- 
ture, propoſed in one of our author's letters on this ſub- 
je& *: which is to enlighten the compoſition by a beam of 
the ſun let into a darkened room, and then to receive the 
light reflected from it upon a piece of white paper, obſer- 
ving whether the paper appears white by that reflection; 
for if it does, it gives proof of the compoſition's being white; ; 
becauſe when the paper receives the reffection from afiy 
coloured body, it Tooks of that colour. Agretable to this 
is the trial he made upon water impregnated with ſoap, 
and agitated into a froth Þ : for when this froth after ſome 
ſhort time exhibited upon the little bubbles, which compo- 
ſed it, a great variety of colours, though theſe colours to a 
ſpectator at a ſmall diſtance diſcover'd themſelves diſtinctiy; j 
yet when the eye was ſo far removed, that each little bub- 
ble could no longer be diſtinguiſhed, the whole froth by 
che mixture of all cheſe colours appeared intenſſy white. 


19. Ov R Ahr having fully ſatisfied himſelf by cheſs 
4 many other experiments, what the reſult is of mixing 


 Philoſ. Tranſat. N. 88, p. 5099. | > Opt. B. I. par. 2. exp. 14. 
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together all the priſmatic colours; he proceeds in the next 
place to examine, whether this appearance of whiteneſs be 


raiſed by the rays of theſe different kinds acting ſo, when 
they meet, upon one another, as to cauſe each of them to 
impreſs the ſenſe of nen upon the optic nerve; or whe- 
ther each ray does not make upon the organ of ſight the 
ſame impreſſion, as when ſeparate and alone; ſo that the 
idea of whiteneſs is not excited by the impreſſion from any 
one part of the rays, but reſults from the mixture of all thoſe 
different ſenſations. And that the latter ſentiment is the 


true one, he evinces by undeniable experiments. 


20. In particular the foregoing experiment *, wherein 
the convex glaſs was uſed, furniſhes proofs of this: in that 
when the paper is brought into the ſituation 8 yz, beyond 
N the colours, that at N diſappeared, begin to emerge again; 
which ſhews that by mingling at N they did not loſe their 
colorific qualities, though for ſome reaſon they lay conceal- 
ed. This farther appears by that part of the experiment, 
when the paper, while in the focus, was directed to be en- 
clined different ways; for when the paper was in ſuch a 
fituation, that it muſt of neceſſity refle the rays, which 
before their arrival at the point N would have given a blue 
colour, thoſe rays in this very point itſelf by abounding in 
the reflected light tinged it with the ſame colour; ſo when the 
paper reflects moſt copioufly the rays, which before they 
come ta the point N exhibit redneſs, thoſe fame rays tin- 


A Ibid. exp. 10. 


cture 


Car. PHILOSOPHY: 333 


cure the light reflected by the paper from that very point 
with their own proper colour. | 


21. TrzxE is a certain condition relating to ſight, which 
affords an opportunity of examining this ſtill more fully : 

it is this, that the impreſſions of light remain ſome ſhort 
ſpace upon the eye; as when a burning coal is whirl'd about 
in a circle, if the motion be very quick, the eye ſhall not 
be able to diſtinguiſh the coal, but ſhall ſee an entire circle 
of fire. The reaſon of which appearance is, that the im- 
preſſion made by the coal upon the eye in any one ſituation 

is not worn out, before the coal returns again to the ſame 
place, and renews the ſenſation. This gives our author the 
hint to try, whether theſe colours might not be tranſmitted 
ſucceſſively to the eye ſo quick, that no one of the colours: 
ſhould be diſtinctly perceived, but the mixture of the ſen- 
ſations ſhould produce a uniform whiteneſs; when the rays 
could not a& upon each other, becauſe- they never ſhould 1 
meet, but come to the eye one after another. And this thought | 


he executed by the following expedient *. He made an in- 
ſtrument in ſhape like a comb, which he applied near the 


convex glaſs, ſo that by moving it up and down ſlowly 
the teeth of it might intercept ſometimes one and ſometimes 
another colour; and accordingly the light reflected from the 
paper, placed at N, ſhould change colour continually. But 
now when the comb-like inſtrument was moved very quick, 

the eye loſt all preception of the diſtinct colours, which came 
to it from time to time, a perfect whiteneſs reſulting from the 


Opt. pag. 122. ; 
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mixture of all thoſe diſtinct impreſſions in the ſenſorium. 
Now in this caſe there can be no ſuſpicion of the ſeveral 
coloured rays acting upon one another, and making any 
change in each other's manner of affecting the eye, ſeeing 
they do not ſo much as meet together there. 


232. Ous author farther teaches us how to view the ſpec- 
trum of colours produced in the firſt experiment with a- 
nother priſm, ſo that it ſhall appear to the eye under the 
ſhape, of a round ſpot and perfectly white *, And in this 
caſe if the comb be uſed to intercept alternately ſome of 
the colours, which compoſe the ſpectrum, the round ſpot 
ſhall change its. colour according to the colours intercepted ; 
but if the comb be moved too ſwiftly for thoſe changes to 
be diſtinctly perceived, the fpot ſhall ſeem: always white, as 


OY 


23. Best DES this whiteneſs, which reſults from an uni- 
yerſal compoſition of all ſorts of colours, our author par- 
ticularly. explains the effects of other leſs compounded mix- 
tures; ſome of which compound other colours like ſome 
of the ſimple ones, but others produce colours different from 
any of them. For inſtance, a mixture of red and yellow 
compound a colour like in appearance ta the orange, Wich 
in the fpetirum lies between them; as a compoſition. of yel- 
low and blue is made. uſe. of in all, dyes. to make, a green, 
But red and violet purple compounded make purples un- 
like. to, any of the priſmatic colours, and theſe joined with 


* Opt, B. I. part 2. exp, 11.  Þ Ibid prop. 4, 6. 
3 yellow 
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yellow or blue make yet new colours. Beſides one rule is here 
to be obſerved, that when many different colours are mixed, the 
colour which ariſes from the mixture grows languid and dege- 
nerates into whiteneſs. 80 when' yellow green and blue 
are mixed together, the compound will be green; but if 
to thisyou add red and purple, the colour ſhall firſt grow dull 
and leſs vivid, and at length by adding more of theſe colours 
it  Thall turn to whiteneſs, or ſome other colour 


24. ONLy here is one thing remarkable of thoſe com- 
pounded: colours, which are like in appearanee to the fimple 
ones; that the ſimple ones when viewed through a priſm ſhall 
ſtill retain their colour, but the compounded colours ſeen 
through ſuch a glaſs ſhall be parted into the ſimple ones of 
which they are the aggregate. And for this reaſon any body 
illuminated by the ſimple light ſhall appear through a priſm 
diſtinctly, and have its minuteſt parts obſervable, as may ea- 
ſily be tried with flies, or other ſuch little bodies, which have 
very ſmall parts; but the ſame viewed in this manner when 
enlighten'd'with compounded colours ſhall appear confuſed, 
their ſmalleſt parts not being diſtinguiſhable. How the 
priſm ſeparates theſe compounded colours, as likewiſe how 
— ere. the light of the ſun into its colours, has not yet 

eee but is reſerved for our third a 


25: In che mean time what has been ſaid, I hope; will 
ble to give a taſte of our author's 1000 of auguing 2 


opt. pag. 4. >" , 
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in ſome meaſure to illuſtrate the propoſition laid down in 
this chapter. by | * 


26. THERE are methods of ſeparating the heterogene- 
ous rays of the ſun's light by reflection, which perfectly 
conſpire with and confirm this reaſoning. One of which 
ways may be this. Let AB (in fig. 129) repreſent the win- 
dow ſhutter of a darkened room; C a hole to let in the ſun's 
rays; DEF, GHI two priſms ſo applied together, that the 
ſides EF and GI be contiguous, and the ſides DF, GH 
parallel; by this means the light will paſs through them with-- 
out any ſeparation into colours: but if it be afterwards re- 
ceived by a third priſm IKL, it ſhall be divided fo as to 
form upon any white body PQ the uſual colours, violet 
at m, blue at zz, green at o, yellow at r, and red at . But 
becauſe it never happens that the two adjacent ſurfaces E F 
and GI perfectly touch, part only of the light incident up- 
on the ſurface EF ſhall be tranſmitted, and part ſhall be 
reflected. Let now the reflected part be received by a fourth 
priſm 424, and paſſing through it paint upon a white body 
ZT the colours of the priſm, red at 7, yellow at u, green 
at 2%, blue at u, violet at y. If the priſms DEF, GHI 
be ſlowly turned about while they remain contiguous, the 
colours upon the body PQ ſhall not ſenſibly change their 
ſituation, till ſuch time as the rays become pretty oblique 
to the ſurface EF; but then the light incident upon. the 
ſurface EF ſhall begin to be wholly reflected. And firſt 
of all the violet light ſhall be wholly reflected, and there- 
upon will diſappear at n, appearing inſtead thereof 

N at 
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at , and increaſing the violet light falling there, the 
other colours remaining as before. If the priſms DEF, GH! 
be turned a little farther about, that the incident rays be- 
come yet more inclined to the ſurface EF, the blue ſhall 
be totally reflected, and ſhall diſappear in , but appear at 
* by making the colour there more intenſe. And the ſame 
may be continued, till all the colours are ſucceſſively remoy- 
ed from the ſurface PQ to zr. But in any caſe, ſuppoſe 
| when the violet and the blue have forſaken the ſurface PQ, and 
appear upon the ſurface 2 r, the green, yellow, and red only 
remaining upon the ſurface PQ; if the light be received upon 
a paper held any where in its whole paſſage between the 
light's coming out of the priſms DEF, GIH and its inci- 
dence upon the priſm IKL, it ſhall appear of the colour 
compounded of all the colours ſeen upon PQ; and the re- 
flected ray, received upon a piece of white paper held any 
where between the priſms DEF and A & E, ſhall exhibit the co- 
lour compounded of thoſe the ſurface PQ is deprived of mixed 
with the ſun's light: whereas before any of the light was reflect- 
ed from the ſurface EF, the rays between the priſms GHI and 
IKL would appear white; as will likewiſe the reflected ray 
both before and after the total reflection, provided the differ- 
ence of refraction by the ſurfaces D Fand DE be inconſiderable. 
I call here the ſun's light white, as I have all along done; but it 
is more exact to aſcribe to it ſomething of a yellowiſh tincture, 
occaſioned by the brighter colours abounding in it ; which 
caution is neceſſary in examining the colours of the reflect- 
ed beam, when all the violet and blue are in it: for this 

X Xx yellowiſh 
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yellowiſh turn of the ſun's light cauſes the blue not to be 
quite ſo viſible in it, as it ſhould be, were the light perfect- 


ly white ; but makes the beam of light incline rather to- 
wards a pale white. 


Cray. II. 


Of the properties of BODIES, upon which 
their COLOURS depend. 


A FTER having ſhewn in the laſt chapter, that the 

difference between the colours of bodies viewed in o- 
pen day-light is only this, that ſome bodies are diſpoſed to 
reflect rays of one colour in the greateſt plenty, and other 
bodies rays of ſome other colour; order now requires us 


to examine more particularly into the property of bodies, 
which gives them this difference. But this our author ſhews 


to be nothing more, than the different magnitude of the 
particles, which compoſe each body : this I queſtion not 
will appear no ſmall paradox. And indeed this whole chap. 
er will contain ſcarce any aſſertions, but what will be al- 
moſt incredible, though the arguments for them are ſo ſtrong 
and convincing, that they force our aſſent. In the former 
chapter have been explained properties of light, not in the 
leaſt thought of before our author's diſcovery of them ; yet 
are they not difficult to admit, as ſoon as experiments are 
- known to give proof of their reality; but ſome of the pro- 

poſitions to be ſtated here will, 1 fear, be accounted almoſt 
paſt belief; notwithſtanding that the arguments, by which 


they 
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they are eſtabliſhed are unanſwerable. For it is proved by 
our author, that bodies are rendered tranſparent by the minute- 
neſs of their pores, and become opake by having them large; 
and more, that the moſt tranſparent body by being reduc- 
ed to a great thinneſs will become leſs pervious to the light. 


Crap. 2. 


2. Bur whereas it had been the received opinion, and 
yet remains ſo among all who have not ſtudied this Philo- 
ſophy, that light is reflected from bodies by its impinging 
againſt their ſolid parts, rebounding from them, as a tennis 
ball or other elaſtic ſubſtance would do, when ſtruck a- 
| gainſt any hard and reſiſting ſurface; it will be proper to 
begin with declaring our author's ſentiment concerning this, 
who ſhews by many arguments that reflection cannot be 
cauſed by any ſuch means *: ſome few of his proofs I ſhall 


ſet down, referring the reader to our author himſelf for 
the reſt. 


3. IT is well known, that when light falls upon any 
tranſparent body, glaſs for inſtance, part of it is reflected and 
part tranſmitted ; for which it is ready to account, by ſay- 
ing that part of the light enters the pores of the glaſs, and 
part impinges upon its ſolid parts. But when the tranſmit- 
ted light arrives at the farther ſurface of the glaſs, in paſ- 
ſing out of glaſs into air there is as ſtrong a reflection cauſed, 
or rather ſomething ſtronger. Now it is not to be conceiy- 
ed, how the light ſhould find as many ſolid parts in the 


air to ſtrike againſt as in the glaſs, or even a greater num- 


* Opt. Book II. prop. 8. 


X 2 | ber 


340 Sir Is AAc NEwToN's Book III. 


der of them. And to augment the difficulty, if water 
be placed behind the glaſs, the reflection becomes much 
weaker. Can we therefore ſay, that water has fewer ſolid 
parts for the light to ſtrike againſt, than the air? And if 
we ſhould, what reaſon can be given for the reflection's be- 
ing ſtronger, when the air by the air- pump is removed 
from behind the glaſs, than when the air receives the rays 
of light. Beſides the light may be ſo inclined to the hin- 
der furface of the glaſs, that it ſhall wholly be reflected, 
which happens when the angle which the ray makes with 
the ſurface does not exceed about 4.9 = degrees; but if the 
inclination be a very little increaſed, great part of the light 
will be tranſmitted ; and how the light in one caſe ſhould 
meet with nothing but the ſolid parts of the air, and by 
ſo ſmall a change of its inclination find pores in great plenty, 
1s wholly inconceivable. It cannot be faid, that the light 
is reflected by ſtriking againſt the ſolid parts of the ſurface 
of the glaſs; becauſe without making any change in that 
furface, only by placing water contiguous to it inſtead of 
air, great part of that light ſhall be tranſmitted, which could 
find no paſſage through the air. Moreover in the laſt ex- 
periment recited in the preceding chapter, when by turn- 
ing the priſms DEF, GHI, the blue light became wholly 
reflected, while the reſt was moſtly tranſmitted, no poſſible 
reaſon can be afligned, why the blue-making rays ſhould 
meet with nothing but the ſolid parts of the air between 
the priſms, and the reſt of the light in the very ſame obli- 
quity find pores in abundance. Nay farther, when two glaſſ- 
es touch each other, no reflection at all is made; though 


it 


PHILOSOPHY. 347 


it does not in the leaſt appear, how the rays ſhould avoid 
the ſolid parts of glaſs, when contiguous to other glaſs, any 
more than when contiguous to air. But in the laſt place 
upon this ſuppoſition it is not to be comprehended, how 
the moſt poliſhed ſubſtances could reflect the light in that 
regular manner we find they do; for when a poliſhed look- 
ing glaſs is covered over with quick ſilver, we cannot ſuppoſe 
the particles of light ſo much larger than thoſe of the quick- 
ſilver, that they ſhould not be ſcattered as much in reflection, 
as a parcel of marbles thrown down upon a rugged pavement. 
The only cauſe of ſo uniform and regular a reflection muſt be 
ſome more ſecret cauſe, uniformly ſpread over the whole ſur- 


face of the glals. 


Cray. 2. 


4. Bur now, fince the reflection of light from bodies 
does not depend upon its impinging againſt their ſolid parts, 
ſome other reaſon muſt be fought for. And firſt it is 
paſt doubt that the leaſt parts of almoſt all bodies are tranſpa- 
rent, even the microſcope ſhewing as much * ; beſides that 
it may be experienced by this method. Take any thin plate 
of the opakeſt body, and apply it to a ſmall hole deſigned 
for the admiſſion of light into a darkened room ; however 
opake that body may ſeem in open day-light, it ſhall un- 
der theſe circumſtances ſufficiently diſcover its tranſparency, 
provided only the body be very thin. White metals indeed 
do not eafily ſhew themſelves tranſparent in theſe trials, they 
reflecting almoſt all the light incident upon them at their 
firſt ſuperficies ; the cauſe of which will appear in what 


opt. Book IL. par. 3. prop. 2. 
follows. 
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follows. But yet theſe ſubſtances, when reduced into parts 
of extraordinary minuteneſs by being diſſolved in aqua fortis 
or the like corroding liquors do alſo become tranſparent. 


5. SINCE therefore the light finds free paſſage through 
the leaſt parts of bodies, let us conſider the largeneſs of 
their pores, and we ſhall find, that whenever a ray of light 
has paſſed through any particle of a body, and is come 
to its farther ſurface, if it finds there another particle con- 
tiguous, it will without interruption paſs into that particle; 
Juſt as light will paſs through one piece of glaſs into ano- 
ther piece in contact with it without any impediment, or 
any part being reflected: but as the light in paſſing out of 
glaſs, or any other tranſparent body, ſhall part of it be re- 
flected back, if it enter into air or other tranſparent body 
of a different denſity from that it paſſes out of ; the ſame 
thing will happen in the light's paſſage through any parti. 
cle of a body, whenever at its exit out of that particle it 
meets no other particle contiguous, but muſt enter into a 
pore, for in this caſe it ſhall not all paſs through, but part 
of it be reflected back. Thus will the light, every time it 
enters a pore, be in part reflected; ſo that nothing more 
ſeems neceſſary to opacity, than that the particles, which com- 
poſe any body, touch but in very few places, and that the 
pores of it are numerous and large, ſo that the light may 
in part be reflected from it, and the other part, which en- 
ters too deep to be returned out of the body, by numerous 
reflections may be ſtifled and loft * ; which in all probabi- 

5 17 b Opt, Book II. par. 3. prop. 4. 
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lity happens, as often as it impinges againſt the ſolid part 
of the body, all the light which does ſo not being reflect- 
ed back, but ſtopt, and deprived of any farther motion *. 


6. THis notion of opacity is greatly confirmed by the 
obſervation, that opake bodies become tranſparent by fll- 
ing up the pores with any ſubſtance of near the ſame den- 
ſity with their parts. As when paper is wet with water or 
oyl; when linnen cloth is either dipt in water, oyled, or 
varniſhed ; or the oculus mundi ſtone ſteeped in water®. 
All which experiments confirm both the firſt aſſertion, that 
light is not reflected by ſtriking upon the ſolid parts of 
bodies; and alſo the ſecond, that its paſſage is obſtructed 
by the reflections it undergoes in the pores; ſince we find 
it in theſe trials to paſs in greater abundance through bo- 
dies, when the number of their ſolid parts is increaſed, on- 
ly by taking away in great meaſure thoſe reflections; which. 
filling the pores with a ſubſtance of near the ſame denſi- 
ty with the parts of the body will do. Beſides as filling 
the pores of a dark body makes it tranſparent; ſo on the 
other hand evacuating the pores of a body tranſparent, or 
ſeparating the parts of ſuch a body, renders it opake. As 
ſalts or wet paper by being dried, glaſs by being reduced to 
powder or the furface made rough; and it is well known that: 

glaſs veſſels diſcover cracks in them by their opacity. Juſt 
ſo water itſelf becomes impervious to the light by being 
formed into many ſmall. bubbles, whether in froth, or by 
"_ mixed and agitated with any quantity of a liquor 


s Opt. Book II. pag. 241. d Ibid, pag. 224. 
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with which it will not incorporate, ſuch as oyl of turpentine, 


or oy] olive. 
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7. A cxrTAIN electrical experiment made by Mr. Hauxs- 
BEE may not perhaps be uſeleſs to clear up the preſent ſpe- 
culation, by ſhewing that ſomething more is neceſſary be- 
ſides mere poroſity for tranſmitting freely other fine ſub- 


ſtances. The experiment is this; that a glaſs cane rubbed 


till it put forth its electric quality would agitate leaf braſs 
incloſed under a glaſs veſſel, though not at fo great a diſt- 
ance, as if no body had intervened ; yet the ſame cane 
would loſe all its influence on the leaf braſs by the inter- 
poſition of a piece of the fineſt muſlin, whoſe pores are 
1 larger and more patent than thoſe of glabs 


8. T Hus I have endeavoured to ſmooth my way, as much 
as I could, to the unfolding yet greater ſecrets in nature; 
for I ſhall now proceed to ſhew the reaſon why bodies ap- 
pear of different colours. My reader no doubt will be 
ſufficiently ſurprized, when I inform him that the knowledge 
of this is deduced from that ludicrous experiment, with 


which children divert themſelves in blowing bubbles of water 


made tenacious by the ſolution of ſoap. And that theſe 
bubbles, as they gradually gro thinner and thinner till 
they break, change ſucceſſively their colours from the ſame 


principle, as all natural bodies Fee theirs. 


9. Our miles after preparing water with ſoap, ſo as to 
render it very tenacious, blew it up into a bubble, and plac- 


1 ing 
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ing it under a glaſs, that it might not be irregularly agitated 
by the air, obſerved as the water by ſubſiding changed the 
thickneſs of the bubble, making it gradually leſs and leſs till 
the bubble broke; there ſucceſſively appeared colours at the 
top of the bubble, which ſpread themſelves into rings ſurround- 
ing the top and deſcending more and more, till they vaniſhed 
at the bottom in the ſame order in which they appeared *. 
The colours emerged in this order: firſt red, then blue; to which 


ſucceeded red a ſecond time, and blue immediately follow- 
ed; after that red a third time, ſucceeded by blue; to which 
followed a fourth red, but ſucceeded by green; after this a 
more numerous order of colours, firſt red, then yellow, 
next green, and after that blue, and at laſt purple; then 
again red, yellow, green, blue, violet followed each other 
in order; and in the laſt place red, yellow, white, blue ; 
to which ſucceeded a dark ſpot, which refle&ted ſcarce any 
light, though our author found it did make ſome very ob- 
ſcure reflection, for the i image of the ſun ora candle might 
be faintly diſcerned upon it; and this laſt ſpot ſpread itſelf 
more and more, till the bubble at laſt broke. Theſe co- 
lours were not {imple and uncompounded colours, like thoſe 
which are exhibited by the priſm, when due care is taken 
to ſeparate them ; but were made by a various mixture of 
thoſe ſimple colours, as will be ſhewn in the next chapter: 
whence theſe colours, to which I have given the name of 
blue, green, or red, were not all alike, but differed as fol- 
lows. The blue, which appeared next the dark ſpot, was a 
pure colour, but very faint, reſembling the sky-colour ; the 
» Ibid. Obf. 17. Kc. 
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white next to it a very ſtrong and intenſe white, bright- 
er much than the white, which the bubble reflected, before 
any of the colours appeared. The yellow which preced- 
ed this was at firſt pretty good, but ſoon grew dilute; and 
the red which went before the yellow at firſt gave a tin- 
cture of ſcarlet inclining to violet, but ſoon changed into 
a brighter colour; the violet of the next ſeries was deep 
with little or no redneſs in it; the blue a brisk colour, but 
came much ſhort of the blue in the next order; the green 
was but dilute and pale; the yellow and red were very 
bright and full, the beſt of all the yellows which appeared 
among any of the colours: in the preceding orders the pur- 
ple was reddiſh, but the blue, as was juſt now ſaid, the bright- 
eſt of all; the green pretty lively better than in the order 
which appeared before it, though that was a good willow 
green; the yellow but {mall in quantity, though bright; the 
red of this order not very pure : thoſe which appeared be- 
fore yet more obſcure, being very dilute and dirty; as were 
likewiſe the three firſt blues. 


10. Now it is evident, that theſe colours aroſe at the 
top of the bubble, as it grew by degrees thinner and thin- 
ner: but what the expreſs thickneſs of the bubble was, where 
each of theſe colours appeared upon it, could not be de- 
termined by theſe experiments; but was found by another 
means, viz. by taking the object glaſs of a long teleſcope, 
which is in a ſmall degree convex, and placing it upon a 
flat glaſs, ſo as to touch it in one point, and then water be- 
ing put between them, the ſame colours appeared as in the 
| bubble, 
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bubble, in the form of circles or rings ſurrounding the 
point where the glaſſes touched, which appeared black for 

want of any reflection from it, like the top of the bubble 
_ when thinneſt *: next to this ſpot lay a blue circle, and 
next without that a white one; and ſo on in the ſame or- 
der as before, reckoning from the dark ſpot. And hencefor- 
ward I ſhall ſpeak of each colour, as being of the farſt, ſe- 
cond, or any following order, as it is the firſt, ſecond, or a- 
ny following one, counting from the black ſpot in the cen- 
ter of theſe rings; which is contrary to the order in which 
1 muſt have mentioned them, if I ſhould have reputed 
them the firſt, ſecond, or third, &c. in order, as they ariſe 


after one another upon the top of the bubble. 


11. Bur now by meaſuring the diameters of each of theſe 
rings, and knowing the convexity of the teleſcope glaſs, the 
thickneſs of the water at each of thoſe rings may be determi- 
ned with great exactneſs: for inſtance the thickneſs of it, 
where the white light of the firſt order is reflected, is a- 
bout 3 3 ſuch parts, of which an inch contains To00000 . 
And this meaſure gives the thickneſs of the bubble, where 
it appeared of this white colour, as well as of the water 
between the glaſſes; though the tranſparent body which 
ſurrounds the water in theſe two caſes be very different : 
for our author found, that the condition of the ambient 
body would not alter the ſpecies of the colour at all, though 
it might its ſtrength and brightneſs; for pieces of Muſcovy 
glaſs, which were fo thin as to appear coloured by being 


a Ibid. Obſ, 10. d Ibid. pag. 206. 
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wet with water, would have their colours faded nk; made 
leſs bright thereby; but he could not obſerve their ſpecies 
at, all to be changed. So that the thickneſs of any tranſ- 
parent body determines its colour, whatever body the light 


paſles through in coming to it *. 


12. Bur it was found that different tranſſ parent bodies 


would not under the ſame thickneſſes exhibit the ſame co- 


lours: for if the forementioned glaſſes were laid upon each 
other without any water between their furfaces, the air it- 


ſelf would afford the fame colours as the water, but more 


expanded, inſomuch that each. ring had a larger diameter, 
and all in the ſame proportion. So that the thickneſs of the 
air proper to each colour was in the ſame proportion larger, 


than the thickneſs of the water appropriated to the ſame b. 


I 3. Ir we examine with care all the circumſtances of theſe 
colours, which will be enumerated in the next chap- 
ter, we ſhall not be ſurprized, that our author takes them to 
bear a great analogy to the colours of natural bodies. For 
the regularity of thoſe various and ftrange appearances relating 
to them, which makes the moſt myſterious part of the acti- 
on between light and bodies, as the next chapter will ſhew, 
is ſufficient to convince us that the principle, from which 


they flow, is of the greateſt importance in the frame of 
nature; and therefore without queſtion. is deſigned for no 


leſs a N than to give bodies their various colours, to 
which end it ſeems very fitly ſuited. For if any ſuch tranſ- 


2 Obſer. 21. d Obſery, 5. compared with Obſerv. 10. ” 1 Ibid. prop. 5. 
parent 
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parent ſubſtance of the thickneſs proper to produce 
any one colour ſhould be cut into ſlender threads, 
or broken into fragments, it does not appear but 
theſe ſhould retain the ſame colour; and a heap of ſuch 
fragments ſhould frame a body of that colour. So that this 
is without diſpute the cauſe why bodies are of this or the 
other colour, that the particles of which they are compo- 
ſed are of different ſizes. Which is farther confirmed by 
the analogy between the colours of thin plates, and the co- 
lours of many bodies. For example, theſe plates do not 
look of the ſame colour when viewed obliquely, as when 
ſeen direct; for if the rings and colours between a convex 
and plane glas are viewed firſt in a direct manner, and then at 


different degrees of obliquity, the rings will be obſerved to di- 
late themſelves more and more as the obliquity is increaſed *; 

which ſhews that the tranſparent ſubſtance between the glaſſes 
does not exhibit the ſame colour at the ſame thickneſs in all 
ſituations of the eye: juſt ſo the colours in the very ſame 
part of a peacock's tail change, as the tail changes poſture 
in reſpect of the fight. Alſo the colours of ſilks, cloths, 
and other ſubſtances, which water or oyl can intimately 
penetrate, become faint and dull by the bodies being wet 
with ſuch fluids, and recover their brightneſs again when 
dry; juſt as it was before ſaid that plates of Muſcovy glaſs 
grew faint and dim by wetting. To this may be added, that 
the colours which painters uſe will be a little changed by being 
ground very elaborately, without queſtion by the diminution 
of their parts. All which particulars, and many more that 

| 2. Obſer v. 7. 


might. 
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might be extracted from our author, give abundant proof of the 
preſent point. I ſhall only ſubjoin one more: theſe tranſpa- 
rent plates tranſmit through them all the light they do not re- 
flect; fo that when looked through they exhibit thoſe colours, 
which reſult from the depriving white light of the colour re- 
flected. This may commodiouſly be tryed by the glaſſes fo 
often mentioned; which if looked through exhibit coloured 
rings as by reflected light, but in a contrary order; for the mid- 
dle ſpot, which in the other view appears black for want 
of reflected light, now looks perfectly white, oppoſite to 
the blue circle; next without this ſpot the light appears 
tinged with a yellowiſh red; where the white circle ap- 
peared before, it now ſeems dark; and ſo of the reſt *. 
Now in the fame manner, the light tranſmitted through fo- 
liated gold into a darkened room appears greeniſh by the 
loſs of the yellow light, which gold reflects. 


14. H ENCE it follows, that the colours of bodies 
give a very probable ground for making conjecture concerning 
the magnitude of their conſtituent particles. My reaſon for 
calling it a conjecture is, its being difficult to fix certainly the 
order of any colour. The green of vegetables our au- 
thor judges to be of the third order, partly becauſe of the in- 
tenſeneſs of their colour; and partly from the changes they 
ſuffer when they wither, turning at firſt into a greeniſh or 
more perfect yellow, and afterwards ſome of them to an o- 
range or red; which changes ſeem to be effected from their 
tinging particles growing. denſer by the exhalation of their 

Obſerv. 9. —Þ Ibid prop. 7. 
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moiſture, and perhaps augmented likewiſe by the accretion 
of the earthy and oily parts of that moiſture. How the men- 
tioned colours ſhould ariſe from increaſing the bulk of thoſe 
particles, is evident; ſeeing thoſe colours lie without the ring of 
green between the glaſſes, and are therefore formed where 
the tranſparent ſubſtance which reflects them is thicker: 
And that the augmentation of the denſity of the colorific 
particles will conſpire to the production of the ſame effect, 
will be evident; if we remember what was ſaid of the dif- 
ferent ſize of the rings, when air was included between the 
glaſſes, from their ſize when water was between them; 
which ſhewed that a ſubſtance of a greater denſity than 
another gives the ſame colour at a leſs thickneſs. Now 
the changes likely to be wrought in the denſity or magni- 
tude of the parts of vegetables by withering ſeem not 
greater, than are ſufficient to change their colour into thoſe of 
the ſame order; but the yellow and red of the fourth order 
are not full enough to agree with thoſe, into which theſe ſub- 
ſtances change, nor is the green of the ſecond ſufficiently 
good to be the colour of vegetables; ſo that their colour 


muſt of neceſſity be of the third order. 


15. Tas blue colour of ſyrup of violets our author 
fuppoſes to be of the third order; for acids, as vinegar, with 
this ſyrup change it red, and falt of tartar or other alca- 
lies mixed therewith turn it green. But if the blue colour 
of the ſyrup were of the ſecond order, the red colour, 
which acids by attenuating its parts give it, muſt be of the 
firſt order, and the green given it by alcalies by incmſſating 

its. 
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FR 
its particles ſhould be of the ſecond ; whereas neither of thoſe 


alli is perfect enough, eſpecially the green, to anſwer 
thoſe produced by theſe changes; but the red may well e- 


nough be allowed to be of the ſecond order, and the green 
of the third ; in which caſe the blue muſt be Henin of 
the third oriler. 


16. Tux azure colour of the skies our author takes to 
be of the firſt order, which requires the ſmalleſt particles 
of any colour, and therefore moſt like to be exhibited by 
vapours, before they have ſufficiently coaleſced to produce 


clouds of other colours. 


17. Tux moſt intenſe and luminous white is of the 
firſt order, if leſs ſtrong it is a mixture of the colours of 
all the orders. Of the latter ſort he takes the colour of lin- 
nen, paper, and ſuch like ſubſtances to be; but white me- 
tals to be of the former fort. The arguments for it are 
theſe. The opacity of all bodies has been ſhewn to ariſe 
from the number and ſtrength of the reflections made with- 
in them; but all experiments ſhew, that the ſtrongeſt re- 
flection is made at thoſe ſurfaces, which intercede tranſpa- 
rent bodies differing moſt in denſity. Among other in- 
ſtances of this, the experiments before us afford one ; for 
when air only is included between the glaſſes, the coloured 
rings are not only more dilated, as has before been faid, 
than when water is between them ; but are likewiſe much 
more luminous and bright. It follows therefore, that what- 
ever medium pervades the pores of bodies, if fo be there 
* 
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is any, thoſe ſubſtances muſt be moſt opake, the denſity of 
whoſe parts differs moſt from the denſity of the medium, 
which fills their pores. But it has been ſufficiently proved in 
the former part of this tract, that there is no very denſe 
medium lodging in, at leaſt pervading at liberty the pores 
of bodies. And it is farther proved by the preſent expe- 
riments. For when air is incloſed by the denſer ſubſtance 
of glaſs, the rings dilate themſelves, as has been ſaid, by be- 
ing viewed obliquely; this they do ſo very much, that at 
different obliquities the fame thickneſs of air will exhibit all 
ſorts of colours. The bubble of water, though ſurrounded 
with the thinner ſubſtance of air, does likewiſe change its 
colour by being viewed obliquely; but not any thing near 
ſo much, as in the other caſe; for in that the ſame colour 
might be ſeen, when the rings were viewed moſt obliquely, 
at more than twelve times the thickneſs it appeared at un- 
der a direct view; whereas in this other caſe the thickneſs 
was never found conſiderably above half as much again. 
Now the colours of bodies not depending only on the light, 
that is incident upon them perpendicularly, but likewiſe 
upon that, which falls on them in all degrees of obliquity ; 
if the medium ſurrounding their particles were denſer than 
thoſe particles, all ſorts of colours muſt of neceſſity be reflected 
from — ſo copiouſly, as would make the colours of all bodies 


white, or grey, or at belt very dilute and imperfect. But on the 
other hand, if the medium i in the pores of bodies be much rarer 


than their particles, the colour reflected will be ſo little 
changed by the obliquity of the rays, that the colour pro- 
duced by the rays, which fall near the perpendicular, may 


2 ſo 
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ſo much abound in the reflected light, as to give the body 
their colour with little allay. To this may be added, that 
when the difference of the contiguous tranſparent ſubſtances 
is the ſame, a colour reflected from the denſer ſubſtance 
reduced into a thin plate and ſurrounded by the rarer will 
be more brisk, than the ſame colour will be, when reflected 
from a thin plate formed of the rarer ſubſtance, and ſur- 
rounded by the denſer; as our author experienced by 
blowing glaſs very thin at a lamp furnace, which exhibited 
in the open air more vivid colours, than the air does be- 
tween two glaſſes. From theſe conſiderations it is manifeſt, 
that if all other circumſtances are alike, the denſeſt bodies 
will be moſt opake. But it was obſerved before, that theſe 
white metals can hardly be made fo thin, except by being 
diſſolved in corroding liquors, as to be rendred tranſparent; 
though none of them are ſo denſe as- gold, which proves 
their great opacity to have ſome other cauſe beſides their 
denſity; and none is more fit to produce this, than ſuch a 
ſize of their particles, as qualifies them to reflect the white 
of the firſt order. 


18. Fox producing black the particles ought to be 
ſmaller than for exhibiting any of the colours, viz. of a 
fize anfwering to the thickneſs of the bubble, where by re- 
flecting little or no light it appears colourleſs ; but 
yet they muſt not be too ſmall, for that will make them 
tranſparent through deficiency of reflections in the inward 
parts of the body, ſufficient to ſtop the light from going 


through it; but they muſt be of a fize bordering upon that 
diſpoſed 
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diſpoſed to reflect the faint blue of the firſt order, which 
affords an evident reaſon why blacks uſually partake a little 
of that colour. We ſee too, why bodies diſſolved by fire 
or putrefaction turn black: and why in grinding glaſſes up- 
on copper plates the duſt of the glaſs, copper, and ſand 
it is ground with, become very black : and in the laſt place 
why theſe black ſubſtances communicate ſo eaſily to others 
their hue; which is, that their particles by reaſon of the 
great minuteneſs of them eaſily overſpread the groſſer par- 


ticles of others. 


19. I $HALL now finiſh this chapter with one remark 
of the exceeding great poroſity in bodies neceſſarily requi- 
red in all that has here been faid ; which, when duly conſidered, 
muſt appear very ſurprizing; but perhaps it will be matter 
of greater ſurprize, when I affirm that the ſagacity of our 
author has diſcovered a method, by which bodies may eafily 
become ſo; nay how any the leaſt portion of matter may 
be wrought into a body of any aſſigned dimenſions how 
great ſo ever, and yet the pores of that body none of 
them greater, than any the ſmalleſt magnitude propoſed at 
pleaſure; notwithſtanding which the parts of the body ſhall 
ſo touch, that the body itſelf ſhall be hard and ſolid *. The 
manner is this: ſuppoſe the body be compounded of particles of 
ſuch figures, that when laid together the pores found be- 
tween them may be equal in bigneſs to the particles; how 
this may be effected, and yet the body be hard and ſolid, 
is not difficult to underſtand ; and the pores of ſuch a bo- 


Opt. pag. 243- —— 
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dy may be made of any propoſed degree of ſmallneſs. But 
the ſolid matter of a body ſo framed will take up only half 
the ſpace occupied by the body; and if each conſtituent 
particle be compoſed of other leſs particles according to 
the ſame rule, the ſolid parts of ſuch a body will be but a 
fourth part of its bulk; if every one of theſe leſſer parti- 
cles again be compounded in the ſome manner, the ſolid 
parts of the whole body ſhall be but one eighth of its bulk; 
and thus by continuing the compoſition the ſolid parts of 
the body may be made to bear as ſmall a proportion to the 
whole magnitude of the body, as ſhall be deſired, notwith- 
ſtanding the body will be by the contiguity of its parts ca- 
pable of being in any degree hard. Which ſhews that this 
whole globe of earth, nay all the known bodies in the u- 
niverſe together, as far as we know, may be compounded 
of no greater a portion of ſolid matter, than might be re- 
duced into a globe of one inch only in diameter, or even 
leſs. We. ſee therefore how by this means bodies may ca- 
fily be made rare enough to tranſmit light, with all that 
freedom pellucid bodies are found to do. Though what 
is the real ſtructure of bodies we yet know not. 


CH Ap. III. 


Of the REFRACTION, REFLECTION, 
and INFLECTION of LIGHT. 


HUS much of the colours of natural bodies; our 
method now leads us to ſpeculations yet greater, no 
| leſs 
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leſs than to lay open the cauſes of all that has hitherto been 
related. For it muſt in this chapter be explained, how the 
priſm ſeparates the colours of the ſun's light, as we found 
in the firſt chapter; and why the thin tranſparent plates 
diſcourſed of in the laſt chapter, and conſequently the par- 
ticles of coloured bodies, reflect that diverſity of colours 
only by being of different thickneſſes. 


2. For the firſt ĩt is proved by our author, that the colours 
of the ſun's light are manifeſted by the priſm, from the rays 
undergoing different degrees of refraction; that the violet- 
making rays, which go to the upper part of the coloured 
image in the firſt experiment of the firſt chapter, are the 
moſt refracted; that the indigo- making rays are refracted, 
or turned out of their courſe by paſſing through the priſm, 
ſomething leſs than the violet- making rays, but more than 
the blue- making rays; and the blue- making rays more than 
the green; the green- making rays more than the yellow; 
the yellow more than the orange; and the orange-making 
rays more than the red-making, which are leaſt of all re- 
fracted. The firſt proof of this, that rays of different co- 
lours are refracted unequally is this. If you take any body, 
and paint one half of it red and the other half blue, then 
upon viewing it through a priſm thoſe two parts ſhall ap. 
pear ſeparated from each other ; which can be cauſed no 
otherwiſe than by the priſm's retracting the light of one 
half more than ghe light of the other half. But the blue 
half will be moſt refracted ; for if the body be ſeen through 
the priſm in ſuch a ſituation, that the body ſhall appear 

lifted. : 
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lifted upwards by the refraction, as a body within a baſon 


of water, in the experiment mentioned in the firſt chapter, 
appeared to be liſted up by the refraction of the water, ſo 
as to be ſeen at a greater diſtance than when the baſon is 
empty, then ſhall the blue part appear higher than the red; 
but if the refraction of the priſm be the contrary way, the 
blue part ſhall be depreſſed more than the other. Again, 
after laying fine threads of black ſilk acroſs each of the co- 
lours, and the body well inlightened, if the rays com- 
ing from it be received upon a convex glaſs, ſo that it 
may by refracting the rays caſt the image of the body 
upon a piece of white paper held beyond the glaſs ; then 
it will be ſeen that the black threads upon the red part of 
the image, and thoſe upon the blue part, do not at the ſame 
time appear diſtinctly in the image of the body projected 
by the glaſs; but if the paper be held ſo, that the threads 
on the blue part may diſtinctly appear, the threads can- 
not be ſeen diſtinct upon the red part; but the paper 
muſt be drawn farther off from the convex glaſs to make the 
threads on this part viſible; and when the diſtance is great e- 
nough for the threads to be ſeen in this red part, they become 
indiſtinct in the other. Whence it appears that the rays pro- 
cceding from each point of the blue part of the body are 
ſooner united again by the convex glaſs than the rays which 
come from each point of the red parts. But both theſe ex- 
periments prove that the blue-making rays, as well in the ſmall 
refraction of the convex glaſs, as in the greater refraction 
of the priſm, are more bent, than the red-making rays. 


2 Newt. Opt. B. I. part. 1. Trop. I. 


3. Tris 
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3. Tris ſeems already to explain the reaſon of the co- 
loured ſpectrum made by refracting the ſun's light with a priſm, 
though our author proceeds to examine that in particular, 
and proves that the different coloured rays in that ſpectrum 
are in different degrees refracted; by ſhewing how to place 
the priſm in ſuch a poſture, that if all the rays were re- 
fracted in the ſame manner, the ſpectrum ſhould of neceſſi- 
ty be round : whereas in that caſe it the angle made by 
the two ſurfaces of the priſm, through which the light 
paſſes, that is the angle DFE in fig. 126, be about 63 or 6 4. 
degrees, the image inſtead of being round ſhall be near 
five times as long as broad ; a difference enough to ſhew 
a great inequality in the refractions of the rays, which go to 
the oppoſite extremities of the image. To leave no ſcruple 
unremoved, our author is very particular in ſhewing by a 
great number of experiments, that this inequality of refra- 
ction is not caſual, and that it does not depend upon any ir- 
regularities of the glaſs; no nor that the rays are in their 
paſſage through the priſm each ſplit and divided; but on 
the contrary that every ray of the ſun has its own peculiar 
degree of refraction proper to it, according to which it is 
more or leſs retracted in paſting through pellucid ſubſtances. 
always in the ſame manner*. That the rays are not ſplit 
and multiplied by the refraction of the priſm, the third of 
the experiments related in our firſt chapter ſhews very clear- 
ly ; for if they were, and the length of the ſpectrum in 
the firſt refraction were thereby occaſioned , the breadth: 


ſhould be no leſs dilated by the croſs refraction of the ſe- 


a Ort. B. L part. 1. prop. 2. 
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cond priſm ; ; Whereas the breadth is not at all increaſed, 

but the image is only thrown into an oblique poſture by the 
upper part of the rays which were at firſt more refracted 
than the under part, being again turned fartheſt out of their 
courſe. But the experiment moſt expreßly adapted to prove 
this regular diverſity of refraction is this, which follows“. 

Two boards AB, CD (in fig. 130.) being erected in a dar- 
kened room at a proper diſtance, one of them A B being 
near the window-ſhutter E F, a ſpace only being left for 
the priſm GHI to be placed between them ; ſo that the 
rays entring at the hole M of the window-ſhutter may af- 
ter paſſing through the priſm be trajected through a ſmal- 
ler hole K made in the board A B, and paſſing on from thence 
go out at another hole L made in the board C D of 
the ſame fize as the hole K, and ſmall enough to tranſmit 
the rays of one colour only at a time; let another priſm 
NOP be placed after the board CD to receive the rays pal- 
fing through the holes K and L, and after refraction by that 
priſm let thoſe rays fall upon the white ſurface QR. Sup- 
poſe farſt the violet light to paſs through the holes, and to 
be refracted by the priſm N OP to g, which if the priſm 
N OP were removed ſhould have paſſed right on to W. If the 
priſm GH be turned {lowly about, while the boards and 
priſm N OP remain fixed, in a little time another colour 
will fall upon the hole L, which, if the priſm NOP were 

taken away, would proceed like the former rays to the fame 
point W; but the refraction of the priſm N OP ſhall not car- 
Ty theſe rays to 4, but to ſome place leſs diſtant from W as 


Opt. B. I. part 1. Expec. 6. 
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to . Suppoſe now the rays which go to 7 to be the indigo- 
making rays. It is manifeſt/that the boards AB, CD, and 


priſm N OP remaining immoveable, both the violet-making 
and indigo-making rays are incident alike upon the priſm 
N OP, for they are equally inclined to its ſurface OP, and enter it 
in the ſame part of that ſurface ; which ſhews that the indigo- 
making rays are leſs diverted out of their courſe by the re- 
fraction of the priſm, than the violet-making rays under an 
exact parity of all circumftances. Farther, if the priſm G 
H I be more turned about, 'till the blue-making rays paſs 
- through the hole L, theſe ſhall fall upon the ſurface QR 
below 1, as at v, and therefore are ſubjected to a leſs re- 
fraction than the indigo-making rays. And thus by pro- 
ceeding it will be found that the green-making rays are 
leſs refracted than the blue-making rays, and ſo of the reſt, 
according to the order in which they lie in the coloured 


ſpectrum. 


4. Tris difabtion of the different coloured rays to 
be refracted ſome more than others our author calls their 


reſpective degrees of refrangibility. And fince this differ- 
ence of refrangibility diſcovers it ſelf to be ſo regular, the 
next ſtep is to find the rule it obſerves. 


5. Ir is a common principle in optics, that the fine of 
the angle of incidence bears to the fine of the refracted an- 
gle a given proportion. If AB (in fig. 131, 132) te- 
preſent the ſurface of any refracting ſubſtance, ſuppoſe of 


water or glaſs, and C D a ray of light incident upon that ſur- 
| Aaa face. 
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face in the point D, let DE be the ray, after it has paſſed the 
ſurface A B; if the ray paſs out of the air into the ſubſtance 
whoſe e is AB (as in fig. 13 1) it ſhall be turned 
from the ſurface, and if it pals 18 of that ſubſtance into 

air it ſhall be bent towards it (as in fig. 132) But if 
F G be drawn through the point D perpendicular to the 
ſurface A B, the angle under C D F made by the incident 
ray and this perpendicular is called the angle of incidence; 
and the angle under B D G, made by this perpendicular and the 
ray after refraction, is called the refracted angle. And if 
the circle HFIG be deſcribed with any interval cutting C 
D in H and D E in I, then the perpendiculars H K, IL be- 
ing let fall upon F G, HK is called the fine of the angle 
under C DF the angle of incidence, and I L the fine of 
the angle under E D G the refracted angle. The firſt of 
theſe ſines is called the ſine of the angle of incidence, or 
more briefly the fine of incidence, the latter is the fine 
of the refracted angle, or the fine of refraction. And it 
has been found by numerous experiments that whatever 
proportion the ſine of incidence H K bears to the ſine of 
refraction IL in any one caſe, the ſame proportion ſhall 
hold in all caſes; that is, the proportion between theſe ſines 
will remain unalterably the ſame in the fame retracting ſub- 
ſtance, whatever be the magnitude of the angle under C D F. 


6. Bur now. becauſe optical writers did not obſerve that 
every beam of white light was divided by refraction, as has 
been here explained, this rule collected by them can on- 
ly be underſtood in the groſs of the whole beam after re- 

fraction 
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fraction, and not ſo much of any particular part of it, or 
at moſt only of the middle part of the beam. It therefore 
was incumbent upon our author to find by what law the 
rays were parted from each other ; whether each ray apart 
obtained this property, and that the ſeparation was made 
by the proportion between the {ines of incidence and refracti- 
on being in each ſpecies of rays different; or whether 
the light was divided by ſome other rule. But he 
proves by a certain experiment that each ray has its fine of 
incidence proportional to its {ine of refraction; and farther 
ſhews by mathematical reaſoning, that it muſt be ſo upon 
condition only that bodies refract the light by acting 
upon it, in a direction perpendicular to the ſurface of the 
refracting body, and upon the ſame ſort of rays always in 
an equal degree at the ſame diftances*. 


7. Our great author teaches in the next place how from 
the refraction of the moſt refrangible and leaſt refrangible rays 
to find the refraction of all the intermediate ones ®. The 
method is this: if the fine of incidence be to the fine of re- 
fraction in the leaſt refrangible rays as A to B C, (in fig. 13 3) and 
to the ſine of refraction in the moſt refrangible as A to B D; 
if C E be taken equal to CD, and then E D be fo divided 
in E, G, H, I, K, L, that ED, EF, EG, EH, EI, EK, ELy 
E C, ſhall be proportional to the eight lengths of muſical 
chords, which ſound the notes in an octave, ED being 
the length of the key, E F the length of the tone above 


a Opt. pag. 67, 68, &c. b Ibid. B. I, par. 2. prop. 3. 
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that key, EG the length of the leſſer third, EH of the 
fourth, E I of the fifth, E K of the greater ſixth, EL of 
the ſeventh, and E C of the octave above that key; that is if 
the lines ED, EF, EG, EH, EI, 1. EL, and H bear the ſame 
proportion as the numbers, 1, F, C, 2, 5, * U 5 reſpectively 
then ſhall B D, BF, be the two limits of the fines of refraction of 
the violet- making rays, that is the violet-making rays ſhall 
not all of them have preciſely the ſame fine of refraction, 
but none of them ſhall have a greater fine than B D, nor 
a leſs than B F, though there are violet-making rays which 
anſwer to any fine of refraction that can be taken be- 
tween. theſe two. In the fame. manner B F and BG 
are the limits of the fines of refraction of the indigo-ma- 
King rays; BG, BH are the limits belonging to the blue- 
making rays; B H, BI the limits pertaining to the green- ma- 
king rays, BI, BK the limits for the yellow-making rays; 
B k, BL the limits for the orange-making rays; and laſtly, 
BL. and BC the extreme limits of the fines of refraction. 
belonging to the red- making rays. Theſe are the propor- 
tions by which the heterogeneous rays. of light are ſeparated 
from each other in refraction. 


8. Warn: light paſſes out of glaſs into air, our author 
found A to. BC as 50 to 77, and the fame A to B D as 50: 
to 78. And when it goes out of any other refracting ſub- 
ſtance into air, the exceſs of the fine of refraction of any 
one ſpecies of rays above. its {ine of incidence bears a con- 
ftant proportion, which holds the fame in each ſpecies, to 
the exceſs of the. ſine of refraction. of the ſame ſort. of rays 

above 
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above the ſine of incidence into the air out of glaſs; provided 
the ſines of incidence both in glaſs and the other ſubſtance 
are equal. This our author verified by tranſmitting the 
light through priſms of glaſs included within a priſmatic 
veſſel of water; and draws from thoſe experiments the fol- 
lowing obſervations: that whenever the light in paſſing 
through ſo many ſurfaces parting diverſe tranſparent ſub- 
ſtances is by contrary refractions made to emerge into the 
air in a direction parallel to that of its incidence, it will 
appear afterwards white at any diſtance from the priſms, 
where you ſhall pleaſe to examine it; but if the direction 
of its emergence be oblique to its incidence, in receding 
from the place of emergence its edges ſhall appear tinged 
with colours: which proves that in the firſt caſe there is 


no inequality in the refractions of each ſpecies of rays, but 
that when any one ſpecies is ſo retracted as to emerge pa- 


rallel to the incident rays, every ſort of rays after refracti- 
on ſhall likewiſe be parallel to the ſame incident rays, and 
to each other; whereas on the contrary, if the rays of 
any one fort are oblique to the incident light, the. ſeveral 
ſpecies ſhall be oblique to each other, and be gradually 
ſeparated by that obliquity, From hence he de- 


duces both the forementioned theorem, and alſo this other; 
that in each fort of rays the proportion of the fine of in- 


cidence to the fine of refraction, in the paſſage of the ray 
out of any refracting ſubſtance into another, is compounded. 
of the proportion to which the ſine of incidence would have to 
the ſine of refraction in the paſſage of that ray out of the 
firſt ſubſtance into any third, and of the proportion which 

the 
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the ſine of incidence would have to the ſine of refraction 
in the paſſage of the ray out of that third ſubſtance into 
the ſecond. From ſo ſimple and plain an experiment has 
our moſt judicious author deduced theſe important theo- 
rems, by which we may learn how very exact and circum- 
ſpect he has been in this whole work of his optics; that 
notwithſtanding his great particularity in explaining his 
doctrine, and the numerous collection of experiments he 


has made to clear up every doubt which could ariſe, yet 
at the ſame time he has uſed the greateſt caution to make 


out every thing by the ſimpleſt and eaſieſt means poſſible. 


9. Oux author adds but one remark more upon refra- 
ction, which is, that if refraction be performed in the man- 
ner he has ſuppoſed from the light's being preſſed by the 
refracting power perpendicularly toward the ſurface of the 
refracting body, and conſequently be made to move ſwifter 
in the body than before its incidence ; whether this power 
act equally at all diſtances or otherwiſe, provided only its 
power in the ſame body at the ſame diſtances remain with- 
out variation the ſame in one inclination of the incident 
rays as well as another; he obſerves that the refracting po- 
wers in different bodies will be in the duplicate proportion 
of the tangents of the leaſt angles, which the refracted light 
can make with the ſurfaces of the refracting bodies. This 
obſervation may be explained thus. When the light paſſes 
into any refracting ſubſtance, it has been ſhewn above that 
the {inc of incidence bears a conſtant proportion to the ſine 


o opt. B. II. par, 3. prop. 10. 
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of refraction. Suppoſe the light to paſs to the refracting 
body AB CD (in fig. I 3 4) in the line E E, and to fall upon it at the 
point F, and then to proceed within the body in the line 
FG. Let HI be drawn through F perpendicular to the ſur- 
face AB, and any circle KLMN be deſcribed to the cen- 
ter F. Then from the points O and P where this circle cuts 
the incident and refracted ray, the perpendiculars OQ, PR 
being drawn, the propartion of OQ to PR will remain 
the ſame in all the ditterent obliquities, in which the ſame ray 
of light can fall on the ſurface AB. Now 00 is lels than 
FL the ſemidiameter of the circle KLMN, but the more 
the ray EF is inclined down toward the ſur face AB, the 
greater. will O be, and will approach nearer to the ma- 
gnitude of FL. But the proportion of O Q to PR remain- 

ing always the fame, when O Q is largeſt, PR will alſo be 
greateſt ; ſo that the more the incident ray EF is inclined 
toward the ſurface AB, the more the ray FG after refracti- 
on will be inclined toward the ſame. Now if the line 
FST be ſo drawn, that SV being perpendicular to FI ſhall 
be to FL the ſemidiameter of the circle in the conſtant pro- 
portion of PR to OQ; then the angle under NF T is that 
which I meant by the leaſt of all that can be made by the 
refracted ray with this ſurface, for the ray after refraction 
would proceed in this line, if it were to come to the point 
F lying on the very ſurface AB; for if the incident ray 

came to the point F in any line between AF and FH, the 
ray after refraction would proceed forward in ſome. line 

between FT and FI. Here if NW be drawn perpendicu- 
lar to FN, this line NW. in the circle KLMN is called 
the. 
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the tangent of the angle under N ES. Thus much being premi- 
ſed, the ſenſe of the forementioned propoſition is this. Let there 
be two refracting ſubſtances (in fig. 135) ABCD, and EFG H. 
Take a point, as I, in the ſurface AB, and to the center 1 
with any ſemidiameter deſcribe the circle K LM. In like 
manner on the ſurface EF take ſome point N, as a center, 
and deſcribe with the ſame ſemidiameter the circle OP Q. 
Let the angle under BIR be the leaſt which the refracted 
light can make with the ſurface A B, and the angle under 
FNS the leaſt which the refracted light can make with 
the ſurface EF. Then if LT be drawn perpendicular to 
AB, and PV perpendicular to EF; the whole power, where- 
with the ſubſtance ABCD acts on the light, will bear to 
the whole power wherewith the ſubſtance EF GH acts on, 
the light, a proportion, which is duplicate of the proporti- 
on, which LT bears to PV. : 
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10. Ur o comparing according to this rule the refra- 
ctive powers of a great many bodies it is found, that unctu- 
ous bodies which abound moſt with ſulphureous parts 
refract the light two or three times more in proportion to 
their denſity than others: but that thoſe bodies, which ſeem 
to receive in their compoſition like proportions of ſulphu- 
reous parts, have their refractive powers proportional to their 
denſities; as appears beyond contradiction by comparing 
the refractive power of ſo rare a ſubſtance as the air with 
that of common glaſs or rock cryſtal, though theſe ſub- 
ſtances are 2000 times denſer than air; nay the fame pro- 

portion 
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portion is found to hold without ſenſible difference in com- 
paring air with pſeudo-topar and glaſs of antimony, though 
the pſeudo-topar be 3 vo times denſer than air, and glaſs 
of antimony no leſs than 4.400 times denſer. This pow- 
er in other ſubſtances, as falts, common water, ſpirit of 
wine, &c. ſeems to bear a greater proportion to their den- 
ſities than theſe laſt named, according as they abound with 
ſulphurs more than theſe ; which makes our author conclude 
it probable, that bodies act upon the light chiefly, if not 
altogether, by means of the ſulphurs in them; which kind 
of ſubſtances it is likely enters in ſome degree the compo- 
ſition of all bodies. Of all the ſubſtances examined by 
our author, none has ſo great a refractive power, in reſpect 
of its denſity, as a diamond. 


IT. Our author finiſhes theſe remarks, and all he 8 


relating to refraction, with obſerving, that the action be- 
tween light and bodies is mutual, ſince ſulphureous bodies, 
which are moſt readily ſet on fire by the ſun's light, when 
collected upon them with a burning glaſs, act more upon 
light in refracting it, than other bodies of the ſame denſi- 
ty do. And farther, that the denſeſt bodies, which have 
been now ſhewn to act moſt upon light, contract the greateſt 
heat by being expoſed to the ſummer ſun. 

12. HavinG thus diſpatched what relates to refraction, 
we muſt addreſs ourſelves to diſcourſe of the other opera- 
tion of bodies upon light in reflecting it. When light 


paſſes through a ſurface, which divides two tranſparent bo- 
Bbb dies 


* 
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dies differing in denſity, part of it only is tranſmitted, 
another part being reflected. And if the light paſs out of 
the denſer body into the rarer, by being much inclined to 
the foreſaid ſurface at length no part of it ſhall paſs through, 
but be totally reflected. N ow that part of the light, which 
ſuffers the greateſt refraction, ſhall be wholly reflected with 
a leſs obliquity, of the rays, than the parts of the. light 
which undergo a leſs degree of refraction; as is evident 
from the laſt experiment recited in the firſt chapter; where, 
as the priſms DEF, G HI, (in fig. 129.) were turned a- 
bout, the violet light was firſt totally reflected, and then 
the blue, next tothat the green, and ſo of the reſt. In con- 
ſequence of which our author lays down this propoſition; that 
the ſun's light differs in reflexibility, thoſe rays being moſt re: 
flexible, which are. moſt refrangible. And collects from this, 
in conjunction with other arguments, that the refraction 
and reflection of light are produced by the ſame cauſe, 
compaſſing thoſe different effects only by the difference of 


circumſtances with which it is attended. Another proof 
of this being taken by our author from what he 5 diſ- 


covered of the paſſage of light through thin tranſparent 
plates, viz. that any particular ſpecies of light, ſuppoſe, 
for inſtance, the red-making rays, will enter and paſs out 
of ſuch a plate, if that plate be of ſome certain thickneſ- 
ſes; but if it be of other thickneſſes, it will not break through 
it, but be reflected back: in which is ſeen, that the thick- 
neſs. of the plate. determines whether the power, by which 


that plate acts upon the gt, ſhall. reflect it, or ſuffer it to 
pals through. 


13. Bor 
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13. Bur this laſt mentioned ſurpriſing property of the 
action between light and bodies affords the reaſon of all 
that has been ſaid in the preceding chapter concerning the 
colours of natural bodies ; and muſt therefore more parti- 
cularly be illuſtrated and explained, as being what will 
principally unfold the nature of the action of bodies upon 
light. 


14. To begin: The object glaſs of a long teleſcope being 
laid upon a plane glaſs, as propoſed in the foregoing chap- 
ter, in open day-light there will be exhibited rings of va- 
rious colours, as was there related ; but if in a darkened 
room the coloured ſpectrum be formed by the priſm, as in 
the firſt experiment of the firſt chapter, and the glaſſes be 
illuminated by a reflection from the ſpectrum, the rings 
ſhall not in this caſe exhibit the diverſity of colours before 
deſcribed, but appear all of the colour of the light 
which falls upon the glaſſes, having dark rings between. 
Which ſhews that the thin plate of air between the 
glaſſes at ſome thickneſſes reflects the incident light, at 
other places does not reflect it, but is found in thoſe pla- 
ces to give the light paſſage; for by holding the glaſſes in 
the light as it paſſes from the priſm to the ſpectrum, ſup- 
poſe at ſuch a diſtance from the priſm that the ſeveral ſorts 
of light muſt be ſufficiently ſeparated from each other, when 
any particular fort of light falls on the glaſſes, you will find 
by holding a piece of white paper at a ſmall diſtance be- 
yond the glaſſes, that at thoſe intervals, where the dark 
rings appeared upon the glaſſes, the light is ſo tranſmitted, 
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as to paint upon the paper rings of light having that co- 
lour which falls upon the glaſſes. This experiment there- 
fore opens to us this very ſtrange property of reflection, 
that in theſe thin plates it ſhould bear ſuch a relation to the 
thickneſs of the plate, as is here ſhewn. Farther, by care- 
fully meaſuring the diameters of each ring it is found, that 
whereas the glafſes touch where the dark ſpot appears in 
the center of the rings made by reflection, where the air 
is of twice the thickneſs at which the light of the firſt ring 
is reflected, there the light by being again tranſmitted ma- 
kes the firſt dark ring; where the plate has three times 
that thickneſs which exhibits the firſt lucid ring, it a- 
gain reflects the light forming the ſecond lucid ring; when 
the thickneſs is four times the firſt, the light is again tranſ- 
mitted ſo as to make the ſecond dark ring; where the air 
is five times the firſt thickneſs, the third lucid ring is made; 
where it has fix times the thickneſs, the third dark ring ap- 
pears, and ſo on: in ſo much that the thickneſſes, at which 
the light is reflected, are in proportion to the numbers 1, 3, 
55 7, 9, &c. and the thickneſſes, where the light is tranſ- 
mitted, are in the proportion of the numbers o, 2, 4, 6, 8, 
&c. And theſe proportions between the thickneſſes which 
reflect and tranſmit the light remain the ſame in all ſitua- 
tions of the eye, as well when the rings are viewed obliquely, 
as when looked on perpendicularly. We muſt farther here 
obſerve, that the light, when it is reflected, as well as when it is 
tranſmitted, enters the thin plate, and is reflected from its far- 
ther ſurface; becauſe, as was before remarked, the altering 


the tranſparent body behind the farther ſurface alters the de- 
: gree 
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gree of reflection as when a thin piece of Muſcovy glaſs 
has its farther ſurface wet with water, and the colour of 
the glaſs made dimmer by being ſo wet; which ſhews that 
the light reaches to the water, otherwiſe its reflection could 
not be influenced by it. But yet this reflection depends 
upon ſome power propagated from the firſt ſurface to the 
ſecond ; for though made at the ſecond ſurface it de- 
pends alſo upon the firſt, becauſe it depends upon the di- 
ſtance between the ſurfaces; and beſides, the body through. 
which the light paſſes to the firſt ſurface influences the re- 
flection: for in a plate of Muſcovy glaſs, wetting the ſurfa- 
ce, which firſt receives the light, diminiſhes the reflection, 
though not quite ſo much as wetting the farther ſurface will 
do. Since therefore the light in paſſing through theſe thin 
plates at ſome thickneſſes is reflected, but at others tranſmit- 
ted without reflection, it is evident, that this reflection is 
cauſed by ſome power propagated from the firſt ſurface, 
which intermits and returns ſucceſſively. Thus is every ray 
apart diſpoſed to alternate reflections and tranſmiſſions at 
equal intervals; the ſucceſſive returns of which diſpoſition 
our author calls the fits of caſy reflection, and of eaſy tranſ- 
miſſion. But theſe fits, which obſerve the fame law of 
returning at equal intervals, whether the plates are viewed 
perpendicularly or obliquely , in different ſituations of the 
eye change their magnitude. For what was obſerved before 
in reſpect of thoſe rings, which appear in open day-light, 
holds likewiſe in theſe rings exhibited by ſimple lights; name- 
ly, that theſe two alter in bigneſs according to the dit. 
ferent angle under which they are ſeen : and our author 


lay 
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lays down a rule whereby to determine the thickneſſes of 
the plate of air, which ſhall exhibit the ſame colour under 


different oblique views. And the thickneſs of the aereal 
plate, which in different inclinations of the rays will exhi- 


bit to the eye in open day-light the ſame colour, is alſo va- 
ried by the fame ruled. He contrived farther a method 
of comparing in the bubble of water the proportion be- 
tween the thickneſs of its coat, which exhibited any colour 
when ſeen perpendicularly, to the thickneſs of it, where the 
ſame colour appeared by an oblique view; and he found 
the ſame rule to obtain here likewiſe © But farther, if the 
glaſſes be enlightened ſucceſſively by all the ſeveral ſpecies 
of light, the rings will appear of different magnitudes; in 
the red light they will be larger than in the orange colour, 
in that larger than in the yellow, in the yellow larger than 
in the green, leſs in the blue, leſs yet in the indigo, and 
leaſt of all in the violet: which ſhew sthat the ſame thickneſ; 
of the aereal plate is not fitted to reflect all colours, but 
that one colour is reflected where another would have been 
tranſmitted; and as the rays which are moſt ſtrongly re- 
fracted form the leaſt rings, a rule is laid down by our au- 
thor for determining the relation, which the degree of re- 
fraction of each ſpecies of colour has to the thickneſſes of 
the plate where it is reflected. 


Is. FROM thefe obſervations our author ſhews the reaſon 
of that great variety of colours, which appears in theſe thin 
plates in the open white light of the day. For when this white 


Opt. B. II. par. 3. prop. 15. d bd. par. 1, obſer v. 7. © Ibid. Obſer v. 19. 


light 
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light falls on the plate, each part of the light forms rings of 
its own colour; and the rings of the different colours not 
being of the ſame bigneſs are variouſly intermixed, and form. 
a great variety of. tints *.. 


16. IN certain experiments, which our author made with 
thick glaſſes, he found, that theſe fits of eaſy reflection and 
tranſmiſſion returned for ſome thouſands of times, and there- 
by farther confirmed his reaſoning concerning them. 


17. Ueon the whole, our great author concludes froni 
ſome of the experiments made by him, that the reaſon why all 
tranſparent bodies refract part of the light incident upon them, 
and reflect another part, is, becauſe ſome of the light, when it 
comes to the ſurface of the body, is in a fit of eaſy tranſmiſ- 
fon, and ſome part of it in a fit of eaſy reflection; and from 
the durableneſs of theſe fits he thinks it probable, that the 
light is put into theſe fats from their firſt emiſſion out of the 
luminous body ; and that theſe fits continue to return at c- 
qual intervals without end, unleſs thoſe intervals be changed 
by the light's entring into ſome retracting ſubſtance . IIe 
likewiſe has taught how to determine the change which is 
made of the intervals of the fits of eaſy tranſmiſſion and re- 
flection, when the light paſſes out of one tranſparent ſpace or 
ſubſtance into another. His rule is, that when the light paſ- 
ſes perpendicularly to the ſurface, which parts any two tranſ- 
parent ſubſtances, theſe. intervals in the ſubſtance, out of 


* Opt, B. II. par. 2. pag. 199. &c. d Tbid. par. 4 Id. part. 3. prop. 123. 
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which the light paſſes, bear to the intervals in the ſubſtance, 
whereinto the light enters, the ſame proportion, as the fine of 
incidence bears to the {ine of refraction *. It is farther to be 
obſerved, that though the fits of eaſy reflection return at con- 
Nant intervals, yet the reflecting power never operates, but at 
or near a furface where the light would ſuffer refraction ; and 
if the thickneſs of any tranſparent body ſhall be leſs than the 
intervals of the fits, thoſe intervals ſhall ſcarce be diſturbed by 
ſuch a body, but the light {hall paſs through without any re- 
Aection”®, 


18. Wu the power in nature is, whereby this action 
between light and bodies is cauſed, our author has not diſco- 
vered. But the effects, which he has diſcovered, of this 
power are very ſurpriſing, and altogether wide from any con- 
jectures that had ever been framed concerning it; and from 
theſe diſcoveries of his no doubt this power is to be dedu- 
ced, if we ever can come to the knowledge of it. Sir Is aac 
NewrToN has in general hinted at his opinion concerning it; 
that probably it is owing to ſome very ſubtle and elaſtic ſub- 
Nance diffuſed through the univerſe, in which ſuch vibrations 
may be excited by the rays of light, as they paſs through 
it, that ſhall occaſion it to operate ſo differently upon the 
lght in different places as to give riſe to theſe alternate fits 
of reflection and tranſmiſſion, of which we have now been 
ſpeaking ©. He is of opinion, that ſuch a ſubſtance may pro- 
duce this, and other effects alſo in nature, though it be fo 
rare as not to give any ſenſible reſiſtanc: to bodies in mo- 


® Ibid. prop. 17. » Ibid prop, 13. © Opt. Qu. 18, &c. : 
tion; 
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tion*; and therefore not inconſiſtent with what has bcen ſaid 
above, that the planets move in ſpaces free from reſiſtance ®. 


19. Ix order for the more full diſcovery of this action between 
light and bodies, our author began another ſet of experi- 
ments, wherein he found the light to be acted on as it paſſes 
near the edges of ſolid bodies; in particular all ſmall bo- 
dies, ſuch as the hairs of a man's head or the like, held in a 
very ſmall beam of the ſun's light, caſt extremely broad ſha- 
dows. And in one of theſe experiments the ſhadow was 
zy times the breadth of the body © Theſe ſhadows are alſo 
obſerved to be bordered with colours l. This our author calls 
the inflection of light ; butas he informs us, that he was interrupt- 
ed from proſecuting theſe experiments to any length, I need 


not detain my readers with a more particular account of them. 


nie 
GP 


8 IRIS AAC NEWTON having deduced from his doctrine 

of light and colours a ſurpriſing improvement of tele- 
ſcopes, of which I intend here to give an account, I ſhall 
firſt premiſe ſomething in general concerning thoſe inſtru- 
ments. 


* See Coucl. 8, 2. | c Opt. B. III. Obſ. . 


b B. II. Ch. 1. 4 Ibid. Obſ. 2. 
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2. IT will be underſtood from what has been ſaid above, 
that when light falls upon the ſurface of glaſs obliquely, after 
its entrance into the glaſs it is more inclined to the line 
drawn through the point of incidence perpendicular to that 
ſurface, than before. Suppoſe a ray of light iſſuing from the 
point A (in fig. 136) falls on a piece of glaſs BCDE, whoſe 
ſurface BC, whereon the ray falls, is of a ſpherical or globu- 
lar figure, the center whereof is F. Let the ray proceed in 
the line AG falling on the ſurface B C in the point G, anddraw 
FGH. Here the ray after its entrance into the glaſs will 
paſs on in ſome line, as GI, more inclined toward the line F GH 
that the line AG is inclined thereto ; for the line F GH is per- 
pendicular to the furface BC in the point G. By this means, 
if a number of rays proceeding from any one point 
fall on a convex ſpherical ſurface of glaſs, they ſhall be 
inflected (as is repreſented in fig. x37,) ſo as to be gathered 
pretty cloſe together about the line drawn through the center 
of the glaſs from the point, whence the rays proceed ; which 
line henceforward we ſhall call the axis of the glaſs : or the 
point from whence the rays proceed may be ſo near the glaſs, 
that the rays ſhall after entring the glaſs ſtill go on to ſpread 
themſelves, but not ſo much as before ; ſo that if the rays 
were to be continued backward (as in fig. 138,) they ſhould 
gather together about the axis at a place more remote from 
the glaſs, than the point is, whence they actually proceed. In 
theſe and the following figures A denotes the point to which 


the rays are related before retraction, B the point to which they 
are directed afterwards, and C the center of the refracting ſur- 


face. Here we may obſerve, that it is poſſible to form the glaſs of 
ſuch a figure, that all the rays which proceed from one point 


{hall 
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ſhall after refraction be reduced again exactly into one point on 
the axis of the glaſs. But in glaſſes of a ſpherical form though this 


does not happen; yet the rays, which fall within a moderate di- 
ſtance from the axis, will unite extremely near together. If the 
light fall on a concave ſpherical ſurface, after refraction it ſhall 
ſpread quicker than before (asin fig. 1 3 9, unleſs the rays proceed 
from a point between the center and the ſurface of the glaſs .If 
we ſuppoſe the rays of light, which fall upon the glaſs, not to 
proceed from any point, but to move fo as to tend all to ſome 
point in the axis of the glaſs beyond the ſurface ; if the glaſs 
have a convex ſurface, the rays ſhall unite about the axis 
ſooner, than otherwiſe they would do (as in fig. 140,) unleſs 
the point to which they tended was between the ſurface and 
the center of that ſurface. But if the ſurface be concave, 


they ſhall not meet ſo ſoon : nay perhaps converge. (See 
fig.14.1 and 14.2.) 


3. FaxTHER, becaule the light in paſſing out of glaſs in- 
to the air is turned by the refraction farther off from the 
line drawn through the point of incidence perpendicular to 
the refracting ſurface, than it was before; the light which 
ſpreads from a point ſhall by paſſing through a convex ſur- 
face of glaſs into the air be made either to ſpread leſs than 
before (as in fig. 14.3) or to gather about the axis beyond 
the glaſs (as in fig. 14.4.) But if the rays of light were pro- 
ceeding to a point in the axis of the glaſs, they ſhould by 
the refraction be made to unite ſooner about that axis 
(as in fig. 14.5.) If the ſurface of the glaſs be concave, rays which 
proceed from a point ſhall be made to ſpread faſter (as in 


fig. 14 6,) but rays which are tending to a point in the axis of 
Cccz the 
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the glaſs, ſhall be made to gather about the axis farther from 
the glaſs (as in fig. 147) or even to diverge (as in fig. 148, 
unleſs the point, to which the rays are directed, lies between 
the ſurface of the glaſs and its center. 


4. THE rays, which ſpread themſelves from a point, are 
called diverging ; and fuch as move toward a point, are called 
converging rays. And the point in the axis of the glaſs, about 
which the rays gather after refraction, is called the focus of 
thoſe rays. | 


5. Ira glaſs be formed of two convex ſpherical ſurfaces 
(as in fig. 149,) where the glaſs AB is formed of the ſurfaces 
ACB and ADB, the line drawn through the centers of the 
two ſurfaces, as the line EF, is called the axis of the glaſs ; 
and rays, which diverge from any point of this axis, by the 
refraction of the glaſs will be cauſed to converge toward ſome 
part of the axis, or at leaſt to diverge as from a point more 
remote from the glaſs, than that from whence they proceed- 
ed; for the two ſurfaces both conſpire to produce this effect 
upon the rays. But converging rays will be cauſed by ſuch a 
glaſs as this to converge ſooner. It a glaſs be formed of two 
concave ſurfaces, as the glaſs AB (in fig. 1 50,) the line CD 
drawn through the centers, to which the two ſurfaces are 
formed, is called the axis of the glaſs. Such a glaſs ſhall 
cauſe diverging rays, which proceed from any point in the 
axis of the glaſs, to diverge much more, as if they came from 
ſome place in the axis of the glaſs nearer to it than the point, 
whence 
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whence the rays actually proceed. But converging rays will 
be made either to converge leſs, or even to diverge. 


6. IN theſe glaſſes rays, which proceed from any point 
near the axis, will be affected as it were in the ſame man- 
ner, as if they proceeded from the very axis it ſelf, and ſuch as 
converge toward a point at a ſmall diſtance from the axis will 
ſuffer much the ſame effects from the glaſs, as if they converged to 
ſome point in the very axis. By this means any luminous body 
expoſed to a convex glaſs may have an image formed upon 
any white body held beyond the glaſs. This may be ea- 
ſily tried with a common ſpectacle-glaſs. For if ſuch a glaſs 
be held between a candle and a piece of white paper, if the 
diſtances of the candle, glaſs, and paper be properly adjuſted, 
the image of the candle will appear very diſtinctly upon the 
paper, but be ſeen inverted; the reaſon whereof is this . 
Let AB (in fig. 151) be the glaſs, CD an object placed 
croſs the axis of the glaſs. Let the rays of light, which iſ- 
ſue from the point E, where the axis of the glaſs croſſes the ob- 
ject, be ſo refracted by the glaſs, as to meet again about the 
point F. The rays, which diverge from the point C of the 
object, ſhall meet again almoſt at the fame diſtance from 
the glaſs, but on the other ſide of the axis, as at G; for the 
rays at the glaſs croſs the axis. In like manner the rays, 
which proceed from the point P, will meet about H on the 
other {ide of the axis. None of theſe rays, neither thoſe 
which proceed from the point E in the axis, nor thoſe which 
iſſue from Cor D, will meet again exactly in one point; but 


yet in one place, as 1s here ſuppoſed at F, G, and H, they 
will 
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will be crouded fo cloſe together, as to make a diſtinct 


image of the object upon any body ** to reflect it, 
which hall be held there. 


7. Ir the object be too near the glaſs for the rays to 
converge after the refraction, the rays ſhall iſſue out of the 
glaſs, as if they diverged from a point more diſtant from 
the glaſs, than that from whence they really proceed (as 
in fig. 152,) where the rays coming from the point E 
of the object, which lies on the axis of the glaſs A B, if- 
ſue out of the glaſs, as if they came from the point F 
more remote from the glaſs than E; and the rays proceed- 
ing from the point C iſſue out of the glaſs, as if they pro- 
ceeded from the point G; likewiſe the rays which iſſue 
from the point D emerge out of the glaſs, as if they came 
from the point H. Here the point G is on the ſame fide 
of the axis, as the point C; and the point H on the fame 
fide, as the point D. In this caſe to an eye placed beyond 
the glaſs the object ſhould appear, as if it were in the ſitu- 
ation G FH. 


8. Ir the glaſs A B had been concave (as in, fig. 153 0 to 
an eye beyond the glaſs the object C D would appear in 
the ſituation G H, nearer to the glaſs than really it is. Here 
alſo the object will not be inverted; but the point G is on 
the fame fide the axe with the Peint C, and H on the 
fame fide as D. 


9. Hence 
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9. HEN CH may be underſtood, why ſpectacles made 
with convex glaſſes help the fight in old age: for the eye 
in that age becomes unfit to ſee objects diſtinctly, except 
ſuch as are remov'd to a very great diſtance ; whence all 
men, when they firſt ſtand in need of ſpectacles, are ob- 
ſerved to read at arm's length, and to hold the obje& at a 
greater diſtance, than they uſed to do before. But when an 
object is removed at too great a diſtance from the ſight, 
it cannot be ſeen clearly, by reaſon that a leſs quantity of 
light from the object will enter the eye, and the whole 
object will alſo appear ſmaller. Now by help of a con- 
vex glaſs an object may be held near, and yet the rays of 
light iſſuing from it will enter the eye, as if the object 
were farther removed. 


10. AFTER the ſame manner concave glaſſes aſſiſt ſuch, 
as are ſhort ſighted. For theſe require the object to be 
brought inconveniently near to the eye, in order to their 
ſeeing it diſtinctly; but by ſuch a glaſs the object may be 
removed to a proper diſtance, and yet the rays of light 
enter the eye, as if they came from a place much nearer. 


II. WHENCs theſe defects of the ſight ariſe, that in 
old age objects cannot be ſeen diſtinct within a moderate 
diſtance, and in ſhort- ſightedneſs not without being brought 
too near, will be eaſily underſtood, when the manner of 
viſion in general ſhall be explain d; which I ſhall now en- 
deavour to do, in order to be better underſtood in what 

| + follow s. 
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follows. The eye is form'd7 as is repreſented in fig. 154. 
It is of a globular figure, the fore part whereof ſcarce 
more protuberant than the reſt is tranſparent. Underneath 
this tranſparent part is a ſmall collection of an humour in 
appearance like water, and it has alſo the ſame refractive 
power as common water; this is called the aqueous hu- 
mour, and fills the ſpace A BCD in the figure. Next beyond 
lies the body DEFG; this is ſolid but tranſparent, it is 
compoſed with two convex ſurfaces, the hinder ſurface EEG 
being more convex, than the anterior EDG. Between the 
outer membrane ABC, and this body EDGF is placed that 
membrane, which exhibits the colours, that are ſeen round 
the ſight of the eye; and the black ſpot, which is called the 
ſight or pupil, is a hole in this membrane, through which the 
light enters, whereby we ſee. This membrane is fixed on- 
ly by its outward circuit, and has a muſcular power, where- 
by it dilates the pupil in a weak light, and contracts it in 
a ſtrong one. Ihe body DEFG is called the cryſtalline 
humour, and has a greater retracting power than water. 
Behind this the bulk of the eye is filled up with what is 
called the vitreous humor, this has much the ſame refra- 
ctive power with water. At the bottom of the eye toward 
the inner {ide next the noſe the optic glaſs enters, as at 
11, and ſpreads it ſelf all over the infide of the eye, till 
within a ſmall diſtance from A and C. Now any object, as 
IK, being placed before the eye, the rays of light iſſuing 
from each point of this object are fo refracted by the con- 
vex {ſurface of the aqueous humour, as to be cauſed to con- 
verge; after this being received by the convex ſurface EDG 

of 
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of the eryſtalline humour, which has a greater refractive 
power than the aqueous, the rays, when they are entered 
into this ſurface, ſtill more converge, and at going out of 
the ſurface E F G into a humour of a leſs refractive power 
than the cryſtalline they are made to converge yet farther, By 
all theſe ſucceſſive refractions they are brought to converge at 
the bottom of the eye, ſo that a diſtinct image of the ob- 
ject as LM is impreſs'd on the nerve. And by this means 
the object is ſeen. 


1 1. IT has been made a difficulty, that the image of 
the object impreſſed on the nerve is inverted, ſo that the 
upper part of the image is impreſſed on the lower part of 
the eye. But this difficulty, I think, can no longer re- 


main, if we only conſider, that upper and lower are terms 
merely relative to the ordinary poſition of our bodies: 


and our bodies, when view id by the eye, have their image as 
much inverted as other objects; ſo that the image of our 
own bodies, and of other objects, are impreſſed on the eye 
in the ſame relation to one another, as they really have. 


12. THE eye can ſee objects equally diſtinct at very 
different diſtances, but in one diſtance only at the fame 
time. That the eye may accomodate itſelf to different 
diſtances, ſome change in its humours is requir'd. It is 
my opinion, that this change is made in the figure of the 
_ cryſtalline humour, as I have indeavoured to prove in ano- 


ther place. 


3 
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13. Ir any of the humours of the eye are too flat, 
they will refract the light too little; which is the caſe in 
old age. If they are too convex, they refract too much; 
as in thoſe who are ſhort- ſighted. : 


14. THz manner of direct viſion being thus explained, 

I proceed to give ſome account of teleſcopes, by which we 
view more diſtinctly remote objects; and alſo of microſcopes, 
whereby we magnify the appearance of ſmall objects. In 
the firſt place, the moſt ſimple fort of teleſcope is com- 
poſed of two glaſſes, either both convex, or one convex, 
and the other concave. (The firſt ſort of theſe is repreſent- 
ed in fig. 155, the latter in fig. 156.) 


Is. IN fig. 155 let A B repreſent the. convex glaſs next 
the object, C D the other glaſs more convex near the eye. 
Suppole the object glaſs AB to form the image of the ob- 
jet at EF; fo that if a ſheet of white paper were to be 
held in this place, the object would appear. Now ſup- 
poſe the rays, which paſs the glaſs A B, and are united a- 
bout E, to proceed to the eye glaſs C D, and be there re- 
fracted. Three only of theſe rays are drawn in the figure, 
thoſe which paſs by the extremities of the glaſs A B, and 
that which paſſes its middle. If the glaſs C D be 
placed at ſuch a diſtance from the image E F, that the rays, 
which paſs by the point F, after having proceeded through 
the glaſs diverge fo much, as the rays do that come from 
an 8 which is at ſuch a diſtance from the eye as 

0 
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to be ſeen diſtinctly, theſe being received by the eye will 
make on the bottom of the eye a diſtinct repreſentation of 
the point F. In like manner the rays, which paſs through 
the object glaſs A B to the point E after proceeding througli 
the eye-glaſs C D will on the bottom of the eye make a 
diſtinct repreſentation of the point E. But if the eye be 
placed where theſe rays, which proceed from E, croſs thoſe, 
which proceed from E, the eye will receive the diſtinct im- 
preſſion of both theſe points at the ſame time; and con- 
ſequently will alſo receive a diſtinct impreſſion from all the 
intermediate parts of the image EF, that is, the eye will 
ſee the object, to which the teleſcope is directed, diſtinctly. 
The place of the eye is about the point G, where the rays 
HE, H F croſs, which paſs through the middle of the ob- 
ject-glaſs A B to the points E and F; or at the place where 
the focus would be formed by rays coming from the point 
H, and refracted by the glaſs CD. To judge how much 
this inſtrument magnifies any object, we muſt firſt obſerve, 
that the angle under E H E, in which the eye at the point H 
would ſee the image E E, is nearly the ſame as the angle, 
under which the object appears by direct viſion; but when 
the eye is in G, and views the object through the teleſcope, 
it ſees the ſame under a greater angle; for the rays, which 
coming from E and F croſs in G, make a greater angle than 
the rays, which proceed from the point I to theſe points E 
and F. The angle at G is greater than that at H in the 
proportion, as the diſtance between the glaſſes A B and C 
is greater than the diſtance of the point G from the glaſs 
CD. | 
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16. Tarts teleſcope inverts the object; for the rays, which 
come from the right-hand ſide of the object, go to the 
point E the left ſide of the image; and the rays, which 
come from the left fide of the object, go to F the right 
ſide of the image. Theſe rays croſs again in G, ſo that 
the rays, which come from the right ſide of the object, go 
to the right ſide of the eye; and the rays from the left 
fide of the object go to the left fide of the eye. There- 
fore in this teleſcope the image in the eye has the ſame 
ſituation as the object; and ſeeing that in direct viſion 
the image in the eye has an inverted ſituation, here, where 
the ſituation is not inverted, the object muſt appear fo, 
This is no inconvenience to aſtronomers in celeſtial obſerva- 
tions; but for objects here on the earth it is uſual to add 
two other convex glaſſes, which may turn the object again 
(as is repreſented in fig.157,) or elſe to uſe the other kind of 
teleſcope with a concave eye-glaks. 


17. Ix this other kind of teleſcope the effect is found- 


ed on the ſame principles, as in the former. The diſtinct- 
neſs of the appearance is procured in the fame manner, But 


here the eye-glaſs CD (in fig. I 56) is placed between the 
image E E, and the object glaſs A B. By this means the rays, 
which come from the right-hand {ide of the object, and pro- 
ceed toward E the left fide of the image, being intercepted 
by the eye-glaſs are carried to the left fide of the eye; and 
the rays, which come from the left fide of the object, go 
to the right ſide of the eye; ſo that the impreſſion in the 
eye being inverted the ob ect appears in the fame ſituation, 

as 
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as when view'd by the naked eye. The eye muſt here be 
placed cloſe to the glaſs. The degree of magnifying in 
this inſtrument is thus to be found. Let the rays, which 
paſs through the glaſs A B at H, after the refraction of 
the eye-glaſs C D diverge, as if they came from the point 
G; then the rays, which come from the extremities of the 
object, enter the eye under the angle at G; ſo that here 
alſo the object will be magnified in the proportion of the 
diſtance between the glaſſes, to the diſtance of G from 
the eye-glals. 


18. THE ſpace, that can be taken in at one view in- 
this teleſcope, depends on the breadth of the pupil of the 
eye; for as the rays, which go to the points E, EF of the 
image, are ſomething diſtant from each other, when they 
come out of the glaſs C D, if they are wider aſunder 
than the pupil, it is evident, that they cannot both enter 
the eye at once. In the other teleſcope the eye is placed 
in the point G, where the rays that come from the points 
E or F croſs each other, and therefore muſt enter the eye 
together. On this account the teleſcope with convex glaſſes 
takes in a larger view, than thoſe with concave. But in 
theſe alſo the extent of the view is limited, becauſe the eye- 
glaſs does not by the refraction towards its edges form ſo 
diſtin& a repreſentation of the object, as near the middle. 


18. Microſcopes are of two ſorts. One kind is only a 
very convex glaſs, by the means of which the object may 
be brought very near the eye, and yet be ſeen diſtinctly. 

This 
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This microſcope magnifies in proportion, as the object by 
being brought near the eye will form a broader impreſſion 
on the optic nerve. The other kind made with convex 
glaſſes produces its effects in the ſame manner as the teleſcope. 
Let the object A B (in fig. 158) be placed under the glaſs CD, 
and by this glaſs let an image be formed of this object. 
Above this image let the glaſs G H be placed. By this glaſs 
let the rays, which proceed from the points A and B, be 
refracted, as is expreſſed in the figure. In particular, let 
the rays, which from each of theſe points paſs through the 
middle of the glaſs CD, croſs in I, and there let the eye 
be placed. Here the object will appear larger, when ſeen 
through the microſcope, than if that inſtrument were re- 
moved, in proportion as the angle, in which theſe rays croſs 
in I, is greater than the angle, which the lines would make, 
that ſhould be drawn from I to A and B; that is, in the 
proportion made up of the proportion of che diſtance of the 
object AB from I, to the diſtance of I from the glaſs GH; 
and of the proportion of the diſtance between the olaſſes, 
to the diſtance of the object A B from the glaſs CD. 


19. I $HALL now proceed to explain the imperfection in 
theſe inſtruments, occaſioned by the different refrangibility of 
the light which comes from every object. This prevents the 
image of the object from being formed in the focus of the object 
glaſs with perfect diſtinctneſs; ſo that if the eye- glaſs magnify 
the image overmuch, the imperfections of it muſt be viſible, 
and make the whole appear confuſed. Our author more fully 
to ſatisfy himſelf, that the different refrangibility of - 


ſeveral 
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ſeveral ſorts of rays is ſufficient to produce this irregularity, 


underwent the labour of a very nice and difficult experi- 
ment, whoſe proceſs he has at large ſet down, to prove, 
that the rays of light are retracted as differently in the ſmall 
refraction of teleſcope glaſſes as in the larger of the priſm ; 
ſo exceeding careful has he been in ſearching out the true 
cauſe of this effect. And he uſed, I ſuppoſe, the greater 
caution, becauſe another reaſon had before been generally 
aſſigned for it. It was the opinion of all mathematici- 
ans, that this defect in teleſcopes aroſe from the figure, in 
which the glaſſes were formed; a ſpherical refracting ſur- 
face not collecting into an exact point all the rays which 
come from any one point of an object, as has before been 
ſaid *. But after our author has proved, that in theſe ſmall 
refractions, as well as in greater, the fine of incidence in- 
to air out of glaſs, to the fine of refraction in the red- 
making rays, is as FO to 77, and in the blue-making rays 
yo to 78; he proceeds to compare the inequalities of re- 
fraction ariſing from this different refrangibility of the rays, 
with the inequalities, which would follow from the figure 
of the glaſs, were light uniformly refracted. For this pur- 
poſe he obſerves, that if rays iſſuing from a point ſo remote 
from the object glaſs of a teleſcope, as to be eſteemed 
parallel, which is the caſe of the rays, which come from the 
heavenly bodies; then the diſtance from the glaſs of the 
point, in which the leaſt refrangible rays are united, will 
be to the diſtance, at which the moſt retrangible rays unite, 
as 28 to 27; and therefore that the leaſt ſpace, into which 


« 5 2. | 
- all 


392 Sir Is AAc NEWTON's Book III. 


all the rays can be collected, will not be leſs than the 55th 
part of the breadth of the the glaſs. For if A B (in fig .1 59 be 
the glaſs, C D its axis, E A, F B two rays of the light parallel 
to that axis entring the glaſs near its edges; after refracti- 
on let the leaſt refrangible part of theſe rays meet in G, 
the moſt refrangible in H; then, as has been ſaid, GI will 
be to I H, as 28 to 27; that is, G H will be the 28th 
part of G1, and the 27th part of HI; whence if KL be 
drawn through G, and MN through H, perpendicular to 
CD, MN will be the 28th part of AB, the breadth of 
the glaſs, and KL the 17th part of the ſame; fo that OP 
the leaſt ſpace, into which the rays are gathered, will be 
about half the mean between theſe two, that is the 55th 


part of A B. 


20. Tas is the error ariſing froni the different re- 
frangibility of the rays of light, which our author finds 
vaſtly to exceed the other, conſequent upon the figure of 
the glaſs. In particular, if the teleſcope glaſs be flat on 
one ſide, and convex on the other; when the flat fide is 
turned towards the object, by a theorem, which he has 
laid down, the error from the figure comes out above 5000 


times leſs than the other. This other inequality is fo 
great, that teleſcopes could not perform ſo well as they 


do, were it not that the light does not equally fill all the 
ſpace O P, over which it is ſcattered, but is much more denſe 
toward the middle of that ſpace than at the extremities. 
And befides, all the kinds of rays affect not the ſenſe e- 
oP ſtrong, the yellow and orange being the ſtrongeſt, 

| the 
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the red and green next to them, the blue indigo and vio- 
let being much darker and fainter colours; and it is ſhewn 
that all the yellow and orange, and three fiſths of the 
brighter half of the red next the orange, and as great a 
ſhare of the brighter half of the green next the yellow, 
will be collected into a ſpace whoſe breadth is not above 
the 250th part of the breadth of the glak. And the re- 
maining colours, which fall without this ſpace, as they are 
much more dull and obſcure than theſe, ſo will they be 
likewiſe much more diffuſed ; and therefore can hardly af- 
fect the ſenſe in compariſon of the other. And agree- 
able to this is the obſervation of aſtronomers, that 

teleſcopes between twenty and fixty feet in length re- 
preſent the fixed ſtars, as being about 5 or 6, at moſt 
about 8 or 10 ſeconds in diameter. Whereas other argu- 
ments ſhew us, that they do not really appear to us of any 
ſenſible magnitude any otherwiſe than as their light is 
dilated by refraction. One proof that the fixed ſtars do 
not appear to us under any ſenſible angle is, that when 
the moon paſſes over any of them, their light does not, like 


the planets on the ſame occaſion, diſappear by degrees, but 
vaniſhes at once. 


21. Our author being thus convinced, that teleſcopes 
were not capable of being brought to much greater perfection 

than at preſent by refractions, contrived one by reflection, in 
which there is no ſeparation made of the different coloured 
light; for in every kind of light the rays after reflection 
have the ſame degree of inclination to the ſurface, from 
whence they are reflected, as they have at their incidence, ſo 
Ee e that 
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chat thoſe rays which come to the ſurfaet in one line, will go 
off alſo in one line without any parting from one another. Ac- 
cordingly in the attempt he ſueteeded ſo well, that a ſhort 
one, not much exceeding ſix inches in length, equalled an or- 
dinary teleſcope whoſe length was four feet. Inſtruments of 


this kind to greater lengths, have of * been made, N 
AP anſwer” Nee e A 22 
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Of the RAIN B O W. 


8 HALL now explain the rainbow. The manner of its 
production was underſtood, in the general, before Sir 
IS AAC N EWTON had diſcovered his theory of colours; but 
what cauſed the diverſity of colours in it could not then be 
known, which obliges him to explain this appearance parti- 
cularly ; whom we ſhall imitate as follows. The firſt per- 
ſon, who expreſ oy ſhewed the rainbow to be formed 57 the 
reflection of the ſun- beams from drops of falling rain, 
was ANTONIO DEB Douixis. But this was afterwards 
more fully and diltinertly explained by Dzs CarTEs. * 


2. THzRE appears moſt frequently two rainbows ; both 
of which are cauſed by the foreſaid reflection of the ſun- 
beams from the drops of falling rain, but are not pro- 
duced by all the light which falls upon and are reflected 
from the drops. The inner bow is produced by thoſe 
rays only which enter the drop, and at their entrance are 
ſo refracted as to unite into a point, as it were, upon the far- 
thier ſurface of the drop, as is repreſented in fig. 160 ; 
#here the contiguous rays ab, cd, ef, coming from the 


* Philoſ. Tranſ. No. 378. | ſun, 
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ſun, and therefore to ſenſe parallel, upon their entrance in- 
to the drop in the points 6, d, f, are fo refracted as to meet 
together in the point g, upon the farther ſurface of the drop. 
Now theſe rays being reflected nearly from the ſame point 
of the ſurface, the angle of incidence of each ray. upon 
the point g being equal to the angle of reflection, the 
rays will return in the lines g h, g k, g l, in the ſame man- 
ner inclined to each other, as they were before their inci- 
dence upon the point g, and will make the ſame angles with 
the ſurface of the drop at the points h, x, I, as at the points 
b, d, f, after their entrance; and therefore after their emer- 
gence out of the drop each ray will be inclined to the ſur- 
face in the ſame angle, as when it firſt entered. it; whence 
the lines hm, kn, Io, in which the rays emerge, "muſt be 
parallel to each other, as well as the lines ab, cd, e , in 
which they were incident. But theſe emerging rays being 
parallel will not ſpread nor diverge from each other in 
their paſſage from the drop, and therefore will enter the 
eye conveniently ſituated in ſufficient plenty to cauſe | a 
ſenſation. Whereas all the other rays, whether thoſe nearer 
the center of the drop, as pq, r5, or thoſe farther off, as 
t u, wx, Will be reflected from other points in the hin- 
der ſurface of the drop; namely, the ray p q from the point 
y, rs from x, tv from a, and wx from 8. And for this 
reaſon by their reflection and ſucceeding refraction they 
will be ſcattered after their emergence from the foremen- 
tioned rays and from each other, and therefore cannot en- 


ter the eye placed to receive them copious enough t to excite 
=ny diſtinct ſenſation. 
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3. Tux external alabegrs is | fied 1 two. reſlectioꝶm 
made between the incidence and emergence of the rays; 
for it is to be noted, that the rays gh, gk, gl, at the 
points b, x, I, do not wholly paſs out of the drop, but 
are in part reflected back; though the ſecond * 
of theſe particular rays does not form the outer bow. 
For this bow i is made. by thoſe rays, which after their en- 
trance into the drop are by the refraction of it united, be- 
fore they arrive at the farther ſurface, at ſuch a diſtance from 
it, that when they fall upon that ſurface, they may be re- 
flected in parallel lines, as is repreſented in fig. 161; 
where the rays a b, c d, e f, are collected by the refraction 
of the drop into the point g, and paſſing on from thence 
ſtrike upon the ſurface of the drop in the points h, x, I, and 
are thence reflected to m, u, a, paſſing from h to m, from k to 
n, and from I to a in parallel lines. For theſe rays after 
reflection at m, uñ 0. will meet again in the point p, at 
the fame diſtance from theſe points of reflection m, u, o, 
as the point g is from the former points of reflection þ, 
k, J. Therefore theſe rays in paſſing from p to the ſurface 
of the drop will fall upon that ſurface in the points 3, 
„ & in the ſame angles, as theſe rays made with the ſurface 
in 5, d, Ff, after refraction. Conſequently, when theſe rays 
emerge out of the drop into the air, each ray will make 
with the ſurface of the drop the ſame angle, as it made at 
its firſt incidence; ſo that the lines qt, r v, s w, in which 
they come from the drop, will be parallel to each other, as 
well as the * ab, cd, cf, in which they came to the 


drop. 
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drop. By this means theſe rays to a ſpectator commodiouſly 
ſituated will become viſible. But all the other rays, as well 
thoſe nearer the center of the drop &, ⁊ a, as thoſe more 
remote from it g, , will be reflected in lines not paral- 
lel to the lines hm, kn, lo; namely, the ray x y, in the 
line , the ray Za in the line 8x, the ray g in the line 
Aw and the ray 4. in the line 15. Whence theſe rays 
after their next reflection and ſubſequent refraction, will be 
ſcattered from the forementioned rays, and from one ano- 


ther, and by that means become inviſible. 
FA 1 T_ is farther to bs remarked, that if i in the Gt cas 


the incident rays a b, c d, ef, and their correſpondent e- 
mergent rays h m, kn, lo, are produced till they meet, 
they will make with each other .a greater angle, than any 
other incident ray will make with its correſponding emer- 
gent ray. And in the latter caſe, on the contrary, the e- 
mergent rays q t, r v, Sw make with the incident rays an 
acuter angle, than is made by any other of the emergent. 
rays. 


F. Ov author delivers a method of finding each of 
theſe extream angles from the degree of refraction being 
given ; by which method it appears, that the firſt of theſe 
angles is the leſs, and the latter the greater, by how much 
the refractive power of the drop, or the refrangibility of 
the rays is greater. And this laſt conſideration fully com- 
pleats the doctrine of the rainbow, and ſhews, why the co- 
lours of each bow are nge in the order wherein they 


are ſeen. | 
6 f. 6. SU p- 


2 —_y 
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6. Surres; Akin 80 1670 ta be the eye, B,C,D;E, F * 
of rain, M a, O p, Qr, St, V parcels of rays of the fun, 
which entring the drops B, C, D, E, F after one reflection 
paſs out to the eye in A. Now let M be produced to. 
till it meets with the emergent ray likewiſe produced, let 
Op produced meet its emergent ray produced in x, let 
Qr meet its emergent ray in à, let S H meet its emergent 
ray in y, and let V av meet its emergent. ray produced in „ It 
the angle 51 M » A be that, which is derived from the 
refraction, of the violet · making rays by the method we have 
here; ſpoken. ot, ir follows Wat che violet light will only 
enter the eye from the drop B, all the other coloured rays 
paſſing below k., that. ib, all thoſe rays which are not 
ſcattered, hut go gut parallel ſo as to cauſe a ſenſation. For 
the angle, which theſe: parallel emergent rays makes with 


che incident in the moſt refrangible or violet: making rays, 
being leß than this angle in any other fort of rays, none of 


che rs chte en gin except. the Toe wuking, 


ing with the incident ray M. a greater als Hans this will 
paſs below the eye. In like manner if the angle under Oz A 


GFR: ths I e rays, the blue rags wy ſhall en- 


WF 


Fin other la, * iO F the angle Q a A « £2 
ſponding. to the green - making rays, thoſe only ſhall enter 
the eye from the drop D, the violet and blue-making rays 


paſſing above, and the other colours, that is the yellow and 
4 red 9 


27]. * . 
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red, below. And if the angle 84A anſwers to the refra- 
ction of the yellow - making rays, they only ſhall come to 
the eye from the drop E. And in the laſt place, if the an- 
gle V1 A belongs to the red- making and leaft refrangible 
rays, they only ſhall enter the eye from the drop F, all the 
other coloured 818 paſſing above. 


F. Bur now it is en; chat all the drops of water 
found in any of the lines Ax, AN Ah A, whether farther 
from the eye, or nearer than tlie drops B, C,D, E, F, will 
give the ſame colours as theſe do, all the Bop upon each 
line giving the ſame colour; ſo that the light reflected from 
a number of theſe drops will become copious endugli to be 
viſible; whereas the reflection from one minute drop alone- 
could not be perceived. But befides, it is farther mahifeſt, 
that if the line A be drawn from the ſun through tlie eye, 
that is, parallel to the lines Mn, Op, Qr, 8, V, and 
if drops of water are placed all round this line, the ſame 
colour will be exhibited by all the drops at the ſame diſtance 
from this line. Hence it follows, that Whefi the fun'is 
moderately elevated above the horizon, if it rains oppO- 
ſite to it, and the ſun ſhines upon the drops as they fall, a 
ſpectator with his back turned to the fun muſt obſerve a co- 
loured circular arch reaching to the horizon; being red with- 
out, next to that yellow, then green, blue, and on the in- 
ner edge violet; only this laſt colour appears faint by being 
diluted with the white light of the clouds, and from another 
cauſe to be mentioned hereafter *, 


86 13. 


8. Tuus 


9 
? 
g 
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8. Tu bs is cauſed the interior or primary bow. The 


drops of rain at ſome diſtance without this bow will cauſe 


the exterior or ſecondary bow by two reflections of the ſun's 
light. Let theſe: drops be G, H, I, K, L; X), Z a, Ta, 
As e denoting parcels of rays which enter each drop. 
Now it has been remarked, that theſe rays make with the 


viſible refracted rays the greateſt angle in thoſe rays, which 
are moſt refrangible. Suppoſe therefore the viſible refracted 


rays, which pals out from each drop after two reflections, and 


enter the eye in A, to interſect the incident rays in , p, oy Ty 
o reſpeCtively. It is manifeſt, that the angle under A is 
% greateſt of all, next to that the angle under ar A, 
the next in bigneſs will be the angle under TA, the next 
to this the angle under Z pA, and the leaſt of all the an- 
gle under XA. From the drop L therefore will come to 


the eye the violet- making, or moſt refrangible rays, from 


K the blue, from I the green, from H the yellow, and 


from G the red- making rays; and the like will happen to 


all the drops 
the drops at the ſame diſtances from the line Az all round 


in the lines Az, As, Ar, Ag, and allo to all 


that line. Whence appears the reaſon of the ſecondary 


bow, which is ſeen without the other, having its co- 
lonrs in a contrary order, violet without and red within; 


though the colours are fainter than in the other bow, as be- 
ing made by two reflections, and two refractions; whereas 
the other bow is made by two refractions, and one reflecti- 


on only. 


9. THERE 
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9. Tux Rs is a farther appearance in the rainbow particu- 
larly deſcribed about five years ago*, which is, that under the 
upper part of the inner bow there appears often two or 
three orders of very faint colours, making alternate arches 
of green, and a reddiſh purple. At the time this appearance 
was taken notice of, I gave my thoughts concerning the 
cauſe of it, which I ſhall here repeat. Sir IS AAC NE W- 
TON has obſerved, that in glaſs, which is poliſhed and quick- 
filvered, there is an irregular refraction made, whereby ſome 
ſmall quantity of light is ſcattered from the principal refle&- 
ed beam. If we allow the ſame thing to happen in the 
reflection whereby the rainbow is cauſed, it ſeems ſuffici- 
ent to produce the appearance now mentioned. 


10. LET AB (in fig. 162.) repreſent a globule of water, 
B the point from whence the rays of any determinate ſpe- 
cies being reflected to C, and afterwards emerging in the 
line-CD, would proceed to the eye, and cauſe the appear- 
ance of that colour in the rainbow, which appertains to 
this ſpecies. Here ſuppoſe, that beſides what is reflected re- 
gularly, ſome ſmall part of the light is irregularly ſcatter- 
ed every way; ſo that from the point B, beſides the rays 
that are regularly reflected from B to C, ſome ſcattered rays 
will return in other lines, as in BE, BF, BG, BH, on 
each fide the line BC. Now it has been obſerved above 4, 
that the rays of light in their paſſage from one ſuperficies 
of a refracting body to the other undergo alternate fits of 
* Philoſ, Tranſact No- 377. Þ Ibid. © Opt, B. II. part . Ch. 3. $ t4- 


F ff 


Book III. 
eaſy tranſmiſſion and reflection, ſucceeding each other at 
equal intervals; inſomuch that if they reach the farther ſu- 
perficies in one ſort of thoſe fits, they ſhall be tranſmitted; 
if in the other kind of them, they ſhall rather be reflected 
back. Whence the rays that proceed from B to C, and 
emerge in the line CD, being in a fit of eaſy tranſmiſſion, 
the ſcattered rays, that fall at a ſmall diſtance without theſe 
on either {ide (ſuppoſe the rays that paſs in the lines BE, 

BG) {ſhall fall on the ſurface in a fit of eaſy reflection, and 
ſhall not emerge; but the ſcattered rays, To paſs at ſome 
diſtance without theſe laſt, ſhall arrive at the ſurface of the 
globule in a fit of eaſy tranſmiſſion, and break through that 
ſurface. Suppoſe theſe rays to paſs in the lines BF, BH; 

the former of which rays ſhall have had one fit more of 8 
tranſmiſſion, and the latter one fit leſs, than the rays that 
paſs from B to C. Now both theſe rays, hen they go out 
of the globule, will proceed by the refraction of the water 
in the lines FI, HK, that will be inclined almoſt equally to 
the rays incident on the globule, which come from the ſun; but 
the angles of their inclination will be leſs than the angle, in 
which the rays emerging in the line CD are inclined to 
thoſe incident rays. And after the ſame manner rays ſcatter- 
ed from the point B at a certain diſtance without theſe 
will emerge out of the globule, while the intermediate rays 
are intercepted ; and theſe emergent rays will be inclined 
to the rays incident on the globule in angles ſtill leſs than 
the angles, in which the rays FI and HK are inclined to 
them; and without theſe rays will emerge other rays, that 
ſhall be inclined to the incident rays in angles yet leſs. Now 


by 
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by this means may be formed of every kind of rays, beſides 
the principal arch, which goes to the formation of the rain- 
bow, other arches within every one of the principal of the 
ſame colour, though much more faint; and this for divers 
ſucceſſions, as long as theſe weak lights, which in every 
arch grow more and more obſcure, ſhall continue viſible. 
Now as the arches produced by each colour will be vari- 
ouſly mixed together, the diverſity of colours obſerv'd in 
theſe ſecondary arches may very poſſibly ariſe from them. 


11. In the darker colours theſe arches may reach below 

the bow, and be ſeen diſtinct. In the brighter colours theſe 
arches are loſt in the inferior part of the principal light of the 
rainbow; but in all probability they contribute to the red tin- 
cture, which the purple of the rainbow uſually has, and is moſt 
remarkable when theſe ſecondary colours appear ſtrongeſt. 
However theſe ſecondary arches in the brighteſt colours may 
poſſibly extend with a very faint light below the bow, and 
tinge the purple of theſe ſecondary arches with a reddiſh hue. 


12. THE rectly diſtances between the principal arch 
and theſe fainter arches depend on the magnitude of the 
drops, wherein they are formed. To make them any degree 
ſeparate it is neceſſary the drop be exceeding ſmall. It is 
moſt likely, that they are formed in the vapour of the cloud, 
which the air being put in motion by the fall of the rain 
may carry down along with the larger drops; and this may 
be the replay why theſe colours appear under the upper 

- & =» 3 HO part 
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part of the bow only, this vapour not deſcending very low. 
As a farther confirmation of this, theſe colours are ſeen 
ſtrongeſt, when the rain falls from very black clouds, which 


cauſe the fierceſt rains, by the fall whereof the air will be 
moſt A 


13. To the like alternate return of the fits of eaſy tranſ- 
miſſion and reflection in the paſſage of light through the 
globules. of water, which compoſe the clouds, Sir Is aac 
NxzwrToN aſcribes ſome of thoſe coloured Gucken, which 
at times appear about the fun and moon *, 


Opt. B. II. part 4. obſ. 13. 


C O N. 


CONCLUSION. 


ge Mod : | | | 4% LP * : IT. Sint Sango. 


[IR Is AAC NegwrTon having concluded 
each of his philoſophical treatiſes with 
ſome general reflections, I ſhall now 
take leave of my readers with a ſhort 

- account of what he has there delivered. 
At the end of his mathematical prin- 

= ciples of natural philoſophy he has 

given us his thou ghts concerning the Deity. Wherein he 
firſt obſerves, that the ſimilitude found in all parts of the 
univerſe makes it undoubted, that the whole is governed by 
one ſupreme being, to whom the original i is owing of the 
frame of nature, which evidently is the effect of choice 
and deſign. He then proceeds briefly to ſtate the beſt me- 
taphyſical notions concerning God. In ſhort, we cannot 


conceive either of ſpace or time otherwiſe than as neceſ- 
| ſarily 
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larily exiſting ; this Being therefore, on whom all others de- 
Gon muſt certainly exiſt by the ſame neceſſity of nature. 


nſequently wherever ſpace and time is found, there God 
uſt alſo be. And as it appears impoſſible to us, that ſpace 
ſhould be limited, or that time ſhould have had a ie, | 


'* Pally: muſt be: both immenſe. and W 


e | 


2 AT the el of his _Y of optics he has pro 
ſome thoughts concerning other parts of nature, which he 


had not diſtinctly ſearched into. He begins with ſome 
farther reflections concerning light, which he had not fully 
examined. In particular he declares his ſentiments at large 
concerning the power, whereby bodies and light act on each 
other. In ſome parts of his book he had given ſhort hints 
at his opinion concerning this *, but here he expreſsly de- 
clares his conjecture, which we have already mentioned, 


that this power is lodged in a very ſubtle ſpirit of a great elaſtic 


force diffuſed thro the univerſe, producing not only this, but 


many other natural operations. He thinks it not impoſſible, | 
"that the power of gravity itſelf ſhould be owing to it. On 
this occaſion he enumerates many natural appearances, the 
chief of which are produced by chymical experiments. From 
numerous obſervations of this kind he makes no doubt, that 
the ſmalleſt parts of matter, When near contact, act ſtrongly 
on each other, ſometimes being mutually attracted, at other 
times repelled. 8 — 


2: 'T HE attradtive power is more manifeſt than the other, 
for the parts of all bodies adhere by this principle. And the 


* Qpt. Peg a.. ch. 3. $18. | RG 
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name of attraction, which our author has given to it, has 
been very freely made uſe of by many writers, and as much 
objected to by others. He has often complained to 
me of having been miſunderſtood in this matter. What 
he ſays upon this head was not intended by him as a phi- 
loſophical explanation of any appearances, but only to point 
out a power in nature not hitherto diſtinctly obſerved, the 
cauſe of which, and the manner of its acting, he thought 
was worthy of a diligent enquiry. To acquieſce in the 
explanation of any appearance by aſſerting it to be a gene- 
ral power of attraction, is not to improve our knowledge in 


philoſophy, but rather to put a ſtop to our farther ſearch. 
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